


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1985 


The effects of environmental factors on 
worker productivity in the construction industry. 


St. Germain, Edward F. 


http://hdl.handle.net/10945/21299 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NP3 community. 
3 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KNOX appointed — and published — scholarly author. 





LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


a Ee 
pee? o 
d E enone er PETE SELTEN Te ST) AT 
” id A T 
A, f TARA A abd PRA dv) A An a ka 
ss PPP cad P ou. iind fet a PET A [Ul A O Pr" 
r repete Pe rer POPPE TCT Se te ase ada TEE d pal WD a 
DT ENTE N ECHT aped ra MS X 

ANI A NET ale : j > ds de =y 
ot ITAA NEE rim a , rie d pro tmo M A ANA SI MEI E A d 
B A Ay " [o XC " A = m "P a a o* "2 m^ 
‘ ns E se A A A ADS CES D. aud corde d c m 
a ar 2% SA SRSA Sol wy LI T) A FUI Eu IUE AUTE MSDS TE 
vun "e y x ! BESTE a ede Se pd PE i hrs LO rt Y TY 
LY y vi AAA dr AA AN UN EN ER JA E MUA bl a E Or a 
y dr cd Ii B UL resi ic P EST ee B 

vy Sd S AR pe ice A E ave M odia MO ps M ele 
dep Md Fre ide M MEE US peri e 
FA” irc e ot quo 


V PR dul 
rue dens oe T 
"EL e r PP abi 
OR a O 
A A rl [r1 
PARADA RAT ae 
f i n f) a m ARTO 
j "EE 
E TEM. bed TE A sr A 
dy PT a Ca a FT" 
A a A Qoo 


A 
IRAN nd 








O rte Ad Ma, $ 
ARAN oe LE M dar A i 
ACH Pr e A A rad PATEA roe Art 
SEHE ERA sei re a a : 
EEE Rd ARTE delle mnm Ped AO METE AAA cae 
PA ect ipit A C ROS EE ACE T E Fa e tend de - R 
e Acl bad 5007 per ED P it" ran ST P med A ET u WES agent eae’ OX 5 $ / Ut a u. TT d ; 
reir cr t ied d AAA E aper 1/17 A88) Cio AME AL A ea PATH N a e AL » De ' SE PAR 
UENIT IEEE eoi Pr EE P EH A VA : s i - n x ANAIS O 
o ESA ee RAS de AR A do P IL P z^ TES RT A 
Eme er ANI ALME I ES A a pert I abe od YI IA A Ge ee O Sit oe her = A "X B x u lo Pe. n t AA M ips E dee wu 
o LT al ONMEDA RARAS NA t En $ z cip AR $ : A a SE ~ à Pe hy Aat EA eui SR ET I ad vr 
Ai tan ng AR ER Apr zm wer, AL p Hird Be pa ULA EA Mert tit nn Api N EN Mri we tp RT ER aH E 
= a r e AA RA a EE E E A AA "P bs "dod SP N did. e ad Ayy v rer n M VC COEUR EIE e US A UE EET Nt 
M E y ar TENESI i u L d As : E a i y . 2 E P e = yume À : sl ^ > h 
A E WT vidis d a rerit D vip UE Liver d AAN NOE Ls e TE LH 2 ET I NT ee Ar ACE E o DX SUE PEE VADO VC e i et 
DET IEEE IET EL E HIN MEN MT E LEE a EE rn E E a RD EURE Die RACE MAC TUE EN US AE Re E 
i A BÄSSE ER RU AA E Me De is 45 e Pe de e ed < i be: ja e (oue eh vi Ant NT ITANE een Een xeu tr ELLE à PRU ings 
pars ir qa miei apod isa e ar Pn PEEL ee m Lope ls poe epee e pe AAA oe pm =o E 2g vec vs Ne O LA D chew pn e IU die AAA en (VICE EU ES rs 
perm d EE d por a Biene AN SE Sat who A ke eed Ao UW Tt da E 897 77 4 MP à ec E k " y N V ‘ 5 V 5 elo ap T LT * I SO PA a dida A boto, E du 
NS erde ER GE ee JACI APRI OL rar nM Ee Aree ^ ee x M tuf PE T RR By rn " ry u In ^ da Mi. miu att dx aarti ne NNT ape oh aR Raa ALES an er dem bol 
AA pen aes pa are E BOOTE ate PTOS O rd O itc pn PA AS M rui AF oie d, do^ 2 i A ZEN Eg uh Cr XO e doe ET ric eS r M IA DON 1 ) oo Ra sl y ri De be» 
Pre M ars KERN EEE capers WE REICH IH y A o bt EEE A ra AAA RATE er di ie a A A REN ee 
s E É 7 Peay et A per A RO IA rr RAPPEL re ie M LIB PT n b d Pn "URL LES “y P E C» - G a AA de "DA AA Ue S y x EPI y : : Pie iip ore etta ia ar Ei 
rhon zr Larga ER Tee E epa age eee CORRENTE Ma mah net Ret POS E AN e RA CA EAT at e A y er DE pri dea A, y Let AR an BET RETTET erde AN Pee e q TO pi 
prm Lilia SD rei dU A pen gua uj er A A E A A FH AS dd 1 Ay "o eunt Av vM 3 i . ES le ej A PRA ae de Lar eap I pri Sierra rios epe eT ndr be det prep curd A sa Um 
E Teer Een ep eS ean iret rte ed N AS LARIOS pc P ET Pe de PA A A A vo WI lo di TE eA M 3 A eden apre pret rescue Pod praes dirt AR ANNE ESNE A ATE ESS 
eens TU pa ra arco aie oa rr M FD eT o e npe bes rane er nt nd RE Y AOL diee A A a pta” Mi. Min k Be e Ar v4 Car teh et IR A dt ee ee ferr 
ann? nt A Ps MIR i pr PO AA A Te re A LI a ee N N PS en ~ AM | NI piro AER IA mare Ababa bh NO a rer Ed PA o dead We 
A lad pa os Te EN AA AA p adita Fat n od eu r AL as o A a A Fee và 2 N 1 q k ANS A a ja > SS a ia SRNA UA, PFEIL mo ccm pletri yet I aed 
Ii A lad ET rer PTET et LA le. pn ee wn e Cot dart icr Er EAS una M $ Im s Sa RE cipe q. ` ZI aes y Er Hr aded e IMS den mule e AS qom m *. CE TREE EAA 
A K 7 P Lai en "LL ML b a? af ae a N F A e ar a ° G ee d N 5 d o D o a ir PE . oe X d > he air m 5 EM 3 mi "a y y m 3 
ur nee E SCA Pere err ets I aera ec A ao VW MB At ORNS lg ald det ee Pra RI i A A NS Pri A RA FEST PEN FI LEN ent 
Se nerd a arten et M RUE Na tne e EE sri pb Da Puppe Oates MS RATE Se ar beu VC qum ade) 9 ES ie 253 A 4 eror dice mE 
eerte ea PETI A d ne PERLE de ee PP BLUT i wur) rm Io N rl N Left 2 EL p 2*4 MeV. ot Aa tally » wg A A EU HEP aie que be i e ipea rc oodd init Nr E UA d Dh NEE REPRE NA QNIN 
er A PO 5 pod e rta vat era ud rta a DE siete br ANA E Parto nA FAS f IS "I CEP Eid A d EA Te y A a E a gap PE ET aa i AA ie WAS AA a 1 SIE TE er DEREN SER a 
een wt Vani ME rm actor ere DES i ri AAE porre bed RO e iiei RE CS tr AR dd De Y IE MA ich t oot rá AY RA Nac rrt: ARA P I nz N RE ET R T ee 
PET edd E eda va ppt! Er O rp a Pits) PER d PTAS emm ee wt n rr 17 REL ruri * * r » E PP P NL roe’ ue ve" Cedi PV ad Ap ure gh Mate pra [er u e ah pr sa) te Partie ue PASA EA rn du isa Er qp er eie Hh 
ii cd a NA re nen pt dial AAA E pde e E ad M A ¿ee AA Pie AS IA PACTOS Leo N til a d. 4 ra hs as A ra aa LP rl A o F5. Bb ta Rica X dao A L e Ao ESO CN SET 
ed 7 EL mide Aa EAE BU i ST RI TRE Ia mm pe PP A ld ere os Pe es send O RIN ae PARRA ni ¡par " — 2 " " "EI m "T N EINEN: a ie E rr aa din Be Rn Be TE pei Sce orar c Om pq urere bre ch ai P prp S0 
^ epi LU i pur adus vd pac doe a AR ei de bau c a orate Ae AAN ir RK = } DIA 07 AE n E S A It URNA NET 
PET id Poesie D AU diae rii Oir Pe oi PR ND didi pa EA e E AM FR d dil ds Twy who Eb PELO E aL dii d ee EM EU UI IT 
S AR UE A A Ude PA A Bae PL o AS AA LAIA A m Ad de Ne ures Soe SS ET Far N Ne N a u UN PISTEN da RA NED 
7 AA A AS re as a A tn ae y ET m Pu m la A. e EET a ki AN AA oy fA furum Ae uin NS Te Vee nan a Ra ET e rn ee rd 
e AA d A A > G pr w RA : PR Ore ak AA AIRIS a Jed eir EN ER ET RI al A RE EN pert 
dett ato ^ hi Us deut aa pre AI EN o Miei Ca MP NIS A urit dee T di Sp Pico o TR buie ne noina EA TTT danei 
- | PAS ^ ex FE 7 "ECT dt ^w hg Se M^ ee e ALAN LA P WEE de * ei lio Po ae 
O TS A RA MA mr NA tt o^ AA Goa Apol etr a ia ah anne nee eet eR Diet at per PRR 
Lewes eee D py a a IU A - ne ir) hon ya vie vvn R A A NE erh 
ASS a Re hee ai TEEN. PONT DA A hl IA LAA AAN? 
A O De BY LL N U syri Me MANC M Ete des e S APT a Erie tc 
APRA a rd SA AAA ee E apa 
pS ad 


yrs ee Er 


gem Be x 7 r 
> Sr nu Je ~ y v 
wv il O N: 
ar WES F mr. 
ENT U 


AA € jr TEL I PT dg 
pet dato pouce al a en a Hm 
patat AGA pero aur erat dd ay e 
e E ^ EST Api ir raj or peel iier trae i eo Ad Brace o E pri Ap diy A ANDA pa 
pape EE TT Da o A TS pers tn Ted pS de NA A eee ed q e 
pierde d co] b qr do rt pnd of en” PTE ARA ET N A AU bet. a pet Se 4 = a a 
ANT 6€ pierre di LE bad “ho. PA a ee 6 in yn id PE AS A " : . v 
X c Pa nas dc R Rt ppp ied he AAA phis a ar q prts er ET eT 
A TEL al Pd gren cse ARE m AOS a A y chup. " - ee py “ae ibe 
ere erent abet IPM EE a PAR N fe A ba pam atte ee, nt ipu - , hd 
A Er Ie RT ae Lap et o da omm dco De bears dr (me dm 2 NN t en X 
PA E ed emm CA ET ¿A erp AO Med abs "I E] "nod E d desi. w H id: "v ! A Li A Hi mc abs pate vw vov 
FE A sn d d e PER a ero RL aqeeg s von we = ga © "m n s A "T r ya: 4 Psi al < 2 p ri , dn i 
piene em SRAM N bat rs A de n y QE Amat uu K € ^ z TA E E. P T p A m A ond e" pe er ea e E be Y z KA AA A 
^ = 7 "T yá fo CUT = hte & z i wi at ` “e y e he » li d v F 
O E Jeep dae M. eios er ped i5 ~~ Fe. do IP Dtm uM RO en. Fa RP AAA c ARIAS dd A A ied 
fig meat IAS iK Ni ES > AMAT ^ pen- er yr b PAST o The Pa; Pr a E o abd. nu be vw MS DA en rin EUIS 
rire EP ATL eA T A AAA ae N N " E } ET bed A A AA A fed ARS dr att qa AN ie 
d mE AIN rp enter qu mi ir z P mn? amp rer [TA ic "UTI a me, tap ty NES ON A AS ya YY MY A rid AAA A E 
AAN ET: o A ne cee hots ea p ort ^ut AA ag dA) ET ie y AA vyne ao UN NT A d EN TAS A ee ehe 
En tet PE a pp T T o 4 T T = rape v d IRA O A cae e f gu's atre ne -iA Big E sre wae À E aa ieee O cr a 
f E PEE Ce bpm P Ed ei qd M MEL 2 Ls AMA YN AAA ARA P ia iN RPP aba ET TR PNG RR Ra a dest 
A AS A PARA AS II O ant a a í "ia cn e y ru di. ASA dior wi. US e ridad der Lk. bathe AA A E ter PA NN A A de F 
\ AT ot DEE AN A : a SIEA = á a acta ae gts AS NOU A A rit AA OE dh a tete rn a bes 
Me as Pob Ioa T ee es qr PE A n parait sn | m , ner m = AS. “e ARIS A mtr ey Y vga m Ier e os rnt u dra Appt trn EN ST eda et " mors 
PAE T LE 2 RRA TE PR o g ro rt T e abe qe En dii-i rd ER di ci " nd DR Re ner red pr AAA phen pete 
RN TO? tad TRIP odio er IT " e ny Y A u Fa yv © lh OF EDIT SA , ARS ers 
M ep mor. nm ps  Í "ra did EI ul. 7 » a IM t y dy te es A La AN ¿de a Pr PTT an do ml — 
wo. "i eee oe SNS x site j EOI ”, a ar * f > Pete ER au oe) A E "M rud PL a II dcir dS = eo pd fo an 
» E "-— à E Ita mU iR" A TE A hn rr sa AS Dr ap 7 mor Ne aie o 4 Pp aig pU a n 
y 2 DIARIAS rs uem PARRAS O A PeP D cle T dap oic po edo dieto aret desee RE "S 
aa arii tid NS dat A HITS al athe : Aye diet 3 PA "dew p Pes is QD riti diee ; a q yor va 
A ergo TE a e AA ANS diet = Fi 4s a n. ud b dd EV C d ind foa ILE 4 Hj. M Mor qu yo rt rbd geri Pn de = ER wur. DM e e dd 
m MAP AAN mem Le iu set D LE PTT e ES E "S pS O = = b a uy y IA E L Vw 04 i- y A T 
4 A SIS AAI TT te P s ee Er sé pido Em du TEILT id "d ander n tae ] x Fi PITE E anl Jada M Toh rm n rA E cae DUE Sam H P ipsi bo to > * m Li son rs an 
PAE ead RAI ICAC PA A PA TEO Ad AIRES dt "il PA EU a al gens e e a omis í ARA att wi „rar ee Se i c at PAR A ? DAN Hee A da pof 
T duit "uh NEU pid a E IEEE EET pucr dor PEE ei Hh fate @ AAA SL. A Mr lis a a "lm Y a a P CLONES u Bunt BL RU PL m [percer rtu a plc ipei NR 
peto aad Miu flat det omit parap Pig ^ PI PT Sedes eal e A Oe AA neal rum , A a DE nl a qi MAA A AAA dis ui dada ' vu een à AN O rei 
A A baeo TE TE e 4-6 dm A A 2 ^ AA A AAA e ro da A rd 
PR eT le MO tedden = et m ne noy ET MI yet pet TU eie & &. Py" sr [s oud TW fS as =< a ari e. pu vi " EAS v +1 TE TE A I PS 2% AS " %. 4,” stig a €— A A AA cat gute cont boire i 
prd AA D PL ILLE Pafessa S na STA pap E pal deal ea Poo Mnt mem * ey fA a yo. e Ls. de P rac SE TETTI ES ^3 P e i Ar ROUEN E eto 
PER ET IT u rad: PERO linet ¿AA $ FO de. M son et er oaa EE he Apo ile a ee BR NEN ET rr pest ae 
à AAA T e odi yy "PI Er) RS dp a 4 ARRE E ARTE ARR IU ea E EE ere ERR 
i ier I PATO ^ PT bed ¢ N bat e 4 nn P einem Oe La tb tie eaten e v 
pesetas perso Sra ere Fe air pta for t A ^ t T s rer arae Va d ud Ra eh eet Ry Mer A a ie i sie irr iy! NN 
age Fe u TR A A tied Pr DT 2 2 a le In; em qu P pa ares p orf de ER q $ d pd 04s E a = mr ro 1” i Br > ees E OS CALL A rrpp a 
= A Seide Cód P = A " do SA 2 un TER IT Sr di d AAA 7 AN nn amm x oin d 309 , ` Sa ra x E EE dd 
A en DE Dr IE E ER EI ECT: e ur EE LEM de e rS e A DEE o ee T AS 
5 2 = J A nn pe Er Fev qma T) of PN SW E A. e PA Re mp iid raped did n A ieda oia A 
ace at wee eoan a ar Teer ht 4 x iio A > AA EI. bald E IT ELA sen ya al ap foy E d d HL oe ow Anse te) » uv a Sat * ae tet, ka pel ^ . P i A s a A de 
vd eed er pha an otl mene qe E A ar en ote & ap a : E ge unit PIA © a te aed on delia O bike A Pa Te ied E PR d i are ae 
de di # OFE ur pm - J TI DE X od v e r hp" A r aid dod ELI ARA ay ne AAA nn seid ed 
ee BE o ePi b pid E ‘ant A Dee MEET eT RN le a 
A pt PA cd Pr ve ve ” Y : nb J ~ uera a n pe Mee dien ira ae SE ee 
te i edi a pu s Y > y A A rien e erde a ree EE ET DC ee ee e 
P iiie "hs > A a SAMA > d ar A ae eiu dodi ined ydo A eet NAAA a m dad d pm Ai 
m MI " Mere E he: z Mcr as P a e PA ad AA re ee rea n 
a [LI E NA dob ote OR eie ret P AA dde dedidit prat "A AS TE a idi pen a 
à es mu^. d “ A he Mi TTL dh LX 5 N p dia M Le di A SS et 
PR?) ¿ts ae AEG Te De A PGR rt IA A ia mur”. A na a — 
I il ttl Ws PARAS ir A e d 
T pei hr ore N NE ee Yale 
metet A cid IAS e UNAS 


A L tao A 
parto 7 pz Oo PA Pee Wer Te te did opie 
AA ud P dd AA tr a 
en f AAA O AS pe AA 
A eee PARA iid etur d£ DS MERC we E E? tw 
A sf. d qu eg fie. 04 406 0n. perci PASE odii d NIAE s NT “~ t E" » R 
N A poo m ni di. d ite did Mgr NEN me LT ai i OR N M LT. Lad ndi pay" 
duni io n M ed A iet H . mr " d r "e pu wen x < ar PW wn Any r STD 4 no» rs 
1 oo. deii pa eo» PRA un ex A an tle m Par TS V ^ » N : s imi gio DNI E ae ee Ie at De tnd e 
Pop a mre bed Ls um tnm cae -— P" d — > meo geo T ` v DARAS rs Ad MIL > 
mon id a A AA ene "E NOT ad Ei e Ld "T "wp Pet aec 0 es m Ted T LEE ern ded pac derit de uU A II 
Acabo P M de t nl - p We] ra wer A ET r PET and m Ts dnd PTT e dd A AS red rtc 
PA t ‘ ion doe pn fe em e ^w" s te ba : AER, EN AAA a A Pla vd E a o E US sama AR a 
EC ^ al T A AA Ne P quet der o AAA ad a N na Et 
Prey A aie AROS Ts AA Be eid A a aaa 
a ET did y” A oin T 
as vuota Rep hae ov RS 
A o c ae a ey ti Y 


pe Rey oa PE AT A 
O M rr EE geni 
pietati ET idein 
«dr pps ad ^ 
E n 
A ine ES 
» We wer QJ ^4 
VIT NETTE Pe m IL d. dd Apwe D wrath’ w^. 
YAA a be A A darlas 
ar Pg r T 79 m diii fett e n amas a e A Aa 
PRA ule PU Adel AR o eec e 
a e a dr id PP E ad PRA AR e eg i dice A te eae P 
ET e A a ere RN od ir A A aa pe 
os dd a A dd PA POL TE ST Date 
AA A Pert The cba ead A te ada tale Lnd 
er s 


“gr. 23 





"UELLE o Y al E dH 
AMETE al Ast v pe A A » 
premsa tg ant AA id pas y ra ZA 

Pee ger ANS EN 





PST ced 
LS 


al CO TTE 
SOS E Stine e 


ver i 


E 
a de ht *,"3^7t à rra 


A Li 
pi = erh ae Load A E al 
> pr Mar eat aa eer E aas 
PET Lata A tae Load. dmn 
rt 





cba A igi deu FS 
A A a Pe A I pocas and 
nac a Dt A ipii eri a ARA M v 

s. Partan ai er E de d 2 ir 


ae 
EC A Meret) 
rT iarasi PARAR al 
rere a) rr ended ond NOR E deii 
Pee odd TE A aa eda ie 
METUIT LÀ ul ea” 





PA tel 
a AA E pated LI m 
PROPRIE E d m d : Ae! & PY A a oy y 
"e 1 MT PLE = PRA PL di bd. A tie dif 2 
d “sr. Lu E Tu 2 UE TS Ie dp T rout s L^ di dh 


RAP ADE O 


> 
SNA N 





"un 
"La Y 


deett ipii 
pup D Ei PLI vr nip rien Ph 
a u AA A e asas at pain ta? bad - 
3 2 Par m 2 1 1 Ein Wf t dti ent oot retis dedi a 
PA Peer a a aras ranr ea na ee PET il ein 
ANI A, P date PRO 
sert t^ at 





MEL nar d us 





{3 
i] 


ue fno carm P 
"EL" de 4 
LANS 





"PUR Le 





A A E ea 
n AI N A AA ee Cd 
» à "E TL DIMUS iul» wv» 
e rrr LE ebd NY 
Er PA d - 


sm a w , 4 ” 
PET ET TS od P dejo e 
asi ds > 


T se 





Pr » EP ana d 
hy ep c PP 
EA edd “e 


EE 
ELS PN ronde Rd. 
m A +s S pa T "M 
" A El "v v 
4 EN ih nd PL e 
qe E A 









pute dcdit 
A a ru PRI de Aya 

drip A Pd eae Dette 

nee Tn ae dios abel d 





DAA E A 
i PR di 
"REPE E". a(ar oma mn t "T LR TETE Pr - 
3 A adaa e”. Ae PIAR Es 2 ME le au 
P Jet yr rt PROA AS PR A A Pr Pr >. ja p pe © -— " Auot m 
ES 20 2 0 250 ep A y gt EN et a Mm" = “ br P A won U 
FEE Por ici ai n nid SR ES EL . > P ^ ET : E: "T A PP A RA 
i . me csi ét tI P i-e dion. Pr AAA AA AS A Ys upto ES SAA A AI A eee Y F 
pon i indiens d PA vd [ITA AED PS PEA nd ma FLA iiid r2 Nc E A ^ + ae ~ area > : B he » ans” $ de d 4 A da 
E r AS PCT iic aid PMID PN a LP id Mg p E en en A al » "e T Nm 
: PT e Ta A EA o e + A O er " P 
" "m nm m f aà un dad ” Oe PR OT QE d Ap diis AA 
IDR de di TES rn Y : A a hd A A AA T 
A e “rd ^j A de | ur y aro oS ax tet N dati 
poo —: n : " uM DES di Lande dion u apii. PEA A A A ak 
e a etum? wedge v LX od ae fe ann lic n iieri o fr 
ra d IEEE ds cn "Pe nd 2 . de AAA Tr A A AA rr dl eS ek 
ee a p Pom qe E q” : peter qe Mb tbt VES inde ahud Pb cerei dete: VA i A Pe AS A ds au 
Mc pa € A " omy A SSA IS E A id a dn duds di TM A ER UA AAA Cae € ae 
o Ac A EN RAR beds b ea P) ARA a Edi SS, td A 
A AS A IA A RA Làm: aam Ton P Pt FE e a a m TET mb 
Oe) "e + - 9p *e*& w v C9 TU 7 X D 
MUT TIS a d A rh a u. 
ES E Aha 
A del ai le ae 


» ae 






PES W k 
E AAN 
+” A a 








ri m prion ms x 
prit aman PM E notan u i aed Paget eet ® mea! er PS PR ee = paptr voa Z2 
pem genie a eH P AS nn che AR I aad PT Pyae" "TEL: 
ls pibe eio DANA pA AR ET diis "ET Die PCR IE uad 
em mbi ii" PTT ie prat sgat PT Zi gar. POETE sal "TT 
nex E MT ia OMEGA PS 


Ern dnd imd A : 
A rd pet S 

rh dace pei rd 
rr M nbi e 

nd Ot 


| ag uo" w hd 
Ayn a Y yin, a U 


rb 
v 





AA bl m 
Preisen. PA ee ge "I 
Se N Ta arane ga nA EP D d pastu" as deii 
sf pe O irr ue dia le Pr nn rae ® TT E A bd E mr Aue "I 
Mario PI E pd O et gom e MU 
ELI pen Ci ol neh ald TI a 2 , 
A da ll PIF ts war O he Ps ci mx Pen . H P 
Pit i pyret agern psen EEE: ipat © PRO IS ER a cin ET ta "ra # s 
pm SS AR eae Pd “= P = HA ad 
er LL bl tek alee P pt 1 -» wa" e. eT Td bee 
d ga grat ul A 
PP a r T a nd "TO 
PEU add sese Pf mm at PRETO a iid End ar 
A o fpe alle "I 5 
ge Pe er oath vol age = 
PRES T hae ba 4 N D "^. "EP — 70 r = 
^ act s ul E 
TO vo 


AAA 


y - 

"REPE A, u aed poa 

y SAA a det de MT ra DADA TE dU 

UT pu tr A a P 
a ui" ah de eo Puy hr pA pp wm Sam m ai A ia aie 

sw e de ld Pr ek Seiad led "9 «98, ^. Are ^N apt d^ pun onde Ro "E 

ter u te amt a paa pan T aldea ia - 

yo wer ares SO ~s a a apra” | eke cde 

AER DO Zu. mp A A Me m S ELLE A 9 oat 

LP a ia »* A SÓ aia AS cd as 

? A INN Oe. PA rth a da ais Pegao ASA dite N N a n LR er 

A ADA eet CREE indi a n did aman nA Try yé msi A die 

e n indi oi n ris initi iri A -— 

A a edidi Aui AE rhe ^ Wy uq a Sar beim nd 

Me o Y dios hug after EE en Rb ome! 

o odiis dedi e 


EL 

æ a“ 

TR a 
GRE ETE calidos 

Lar] "TEL E M is = . 

VENTE 3 E N 

zur and y 
Po - A 
> » wA a 





er ai 
O A 


Rin int qu 





PEEL CIIM 
TES oda 
... Fus LI 


E 


5 RARA A Eu A 
A ASS vert IP E Bela 
par e añ, RA A N SL Er pe 
pas N TE id PRA ie 
PR A! A 
marte opg ii ETTE enabler Gg? a E Im = P 
A A diia "m "E ai Ld. IS d d a 
aw vt s Le = 
^ v^ a 
t. 
Ld b. » e 
: 5 ee dd vy 
e e por” 


q) o. VIT y 
ET m 2 PIXEL s PE dio 

4 e ur [Ar BEL wm Ti ss 

^ mn. > P. 


d 
2 "e o m s a atr Pn Pa 
Mao IL dria Mid 


we 

E 

wr rd on 

Pr APA ^ - , 

M EU ains "ur ee 
* we 2 hb. 
r P TE aaia ; 
^ n m n und 
hb AAA . 
a NN mr dolis v» wv*» 
E ad AAA pap dn A siii AA bd 
ln pre y qu? Ed rro pr an A m 
A di dl AR AAA 
A aah d MA aie nn. E 
diis e dp SS aA EL dos 
nons 


en 


Pe ni 
wer * af 
» me 
old e n nd METTENT os gem ra » 
Mt LE sd d mE MP M id " -M 8 e 
LE s un "I LL DS . P, ^ 
"- o er iod oy T . an e Put ] m a = " ` 
str tofs" A A Coll L Ps - .. " FP IT. A m A > yes . e 
m TI faf ath rmn Pd m N En a PLI E - — =a £ g " e LO ra " E E > po 1 y Dar u“ TI ies a Pr = pape ert ed 
¿y a e nel. — pr u. n T a A po e man Lo de PA ee " aam . nit " MEI n. > A PATA SS eed e. y”. 
as’ yan rn PITE PT ead Pr" ML d nf Set af ata ove adn Pind oy Y ee A E . y » + «to % ATT T "E Pede A pe 
apt er —2 =f Al A PTT Gpo d as x es P od 1 # T E I" o fuc, P hag P l azar is” . » —— F pre AA 
A I dee ^ Ils) Pr La MIA! pue d ot - we "m e rand eres LE E A ~ AS NP dl A n 2% .. s Deb didi od 
t NT Bad Pid .. « PT 2 TR En 0n o a » d * ~ LA. . i fe SES me po we "ee uf ye" s tae tf >s ganz 
Ar A Arnd pe eh i ove te 5 " E ‘ g^ er SAA db ds s. Ar me * a a dd e A o do 
y " PA Ls deba © n - u t wa ae e nt pre eg d. gs Rr Age TAN A a 
— E ated E M d k _ in E d Da a ET en A ea re eee AO nad 
" n El ij Pye ae Ya ie] q y ar surf yt RARAS o Quit E 
> „* d " 2 Ad - e Re a de pue" ET Rehd 
ex > . -agy rii is eed od peau zm md a 
"om “ps we A T "RU » hy, E id Apo tn Pu End Rn d Pom citi EL 
m dde uni > e. RADAR e | TE A A oe aL eas M 
" E a iban di O ete tall N ET A duit 
LEE AAA a aa 
Rie a 


magn ee a a ren PI ES 
PO APR a 
dd 
u 
Nr Bei wet 


a da A ALT o asia Pl ate tof nts m PME kun u are TAA E 
P tiui dto P Pini aiid LEE da sibilo d A DE » er RE Ne ZZ 
A Fete u RR“ n TS Na PE AA yet E 

rarer oe af t^ A hn ails sini emma Q0 007 "d LAETI 
-,.^7- ^. oiii e md quu m ML iol A S La 
BS T os Pe hd s : ~ Pe. > 


A 
Moti tana d 
per — ^ Bie De m th Ft prd dati 1 uto f ed Fat A qe aa 
H DRA E le AA EA a A A iid E 
yep ee. san wp egi Ser ee“ mie d picti pf otat PENS ETE bb AA ati 
dnte d. A aa pa ad lal A telnet ae od A ae FEN ie "IL win. fd a 2 
TI A d PAI ENTE a T de m edil map (atate uh Men d ad TI Mp TED ind e . oy pup ^ 1 
p PAR ed pet et nie er pa a" P " 4 eb 
Oe T T a a PR A al T PY a a 
E, ar 


M Kn 
pue LE moin Has Aaa ale A mí 

Enf ea fa fa dm a PIE gue Lio Rai Du 

ER i al dup ae eT d gine ee 

a Pm rd pe Pe ta Or : 

TTT oiid wu A iei Ps 

- A nel ped 


“a 


"T 
: ry 


s 


rT Ue RTL 
Ce ee ey Pee aa 
, ns" 
PX P PP} D ..” EX 
‘ r = Ü " e " PL. onu a Lll 
A 3 Mer = - pe” 
E , 

Be MELIA ad E 
L m ESO Y ecl MIL u .r me Y 
i 3 . E ~ w T- om ura u d 
ue A Ss Lar de Ligas pq o e HONDA ah E 
Ss . pos — gree em e -—— ILE E ober ee" a ol 
« were "» bd hadas vw UT a s% be es ed N ia 
“ erar arg rd ur zn ur > 
s AG a © ET U ar .. «o. Fe en mpl ia Pig 
e o”. p Rte A, n MEL db a mS cds LR re 
ur enw? ted ww o aetas A ds m de 

AS A is is ida de E a s 
PA hd nn. A A a ai ad paiana 
ow wwe yee a eq o d dar 
N OS ULA AA eo Toe 
O A tn AA Ur td A Ar 
- nnd V^ MC E ii fap e Sup 

o M aia me Peppa eS 
(2 ama Uh pp ee pr, po n «= 

u tun de de AA ió 


oe 


EEE sar * 
prn Lol 


A dildo 

"P s 
au 5 
rn en 


eps.» 


ee At Pod 
PE dich adel "Td D A 
La r » 
"m Y 
PT e t ar $ 
A A "ET PE 
- nn. 05% ~ m P pue 
yaa y 


P 
Pe n — 2108 pre 
CEP eem PIX ~ 
LES vq rin id; mm. y wee 
> mE d 
rn! ae nd ml DET A 


EL ... $ P tas 


"s 
E 


> 


w Ld 
"Tm, E 


a we 
le LR TE Rd 


PLI, x di 


"E ld aaa vor * 
APRILIA Y ai d iod ep pon A db Petra 
pr or: nt me er E MAA 
Y A met A% e. qx 
» m " > © a ? d 
> -i Ñ 
m E . - 
m" . ^ Pec" 
ES a en N = wi u | Luny” - 
G SR AB 
P "ELT a 


“s "m El eel 
TRE PETT TA 
y. A 
- yu = 1 
. E PS ~ i ed Ren RUE Dis ide 


E 2 4 
P TE? UE e 
: as” 
Agr pa 
21 
T w 
go ” a n v " 
we Kapr T ea OES I Ww et 
dd O Ce alee pene M 
y rn” nl d E m "T 
2 er. Y A RT a a o silt ay "un “ue, Das po 
o CU antes FE geb 
"TLLA | Ps met a A ara aa r as ar e~ 
AA a rl de kep 
ii a 
T idend NAT Tn niae 
nndis dd Mer in 
1 AA pu 
LE 


s dedidit 
e Hor 


». o. nr 


HA 
P isi Sa 


ee 
PA D acre Pa" nr. mo 
ae A enn p TE ose ad Pt ete 
-—— E 
quo iid rar 
ne E i bd 
nr = x 
wei uh du 
a E y 
E T Med B £ Ta "E aa T ne 
` o d ty g ARAS a 
p~ nad * E + 5 I a E 
^ LL A ai diis m 
ad = k be. rr nene d «sli 2 PM S 
m Pr! w^» "DLL a 
~ B O A ii — 


PES m E 
e gate, PL awe ^ 

on s E ew ROLE 

SR e IR, 


Pa nd 
PA id A a aioa I 
A ae E ta —— lad ba yaa el ede totaled 
A a DU na A id PA nie A LTE aaa adn 
er een "rn di PE A A a ipit br A 2, PAPES ETE as 
i E =a A AI Ta A id naar "nm pe rabat M ud catt d 
2 er fpes Tata A ira it a “ BP a HA a JARA 
S Pea s Ld Ev 0" * Con AA A i "TP PE did PA 7 ns te 
; 2 IA a DE p nor teen "—— ” 
Jo nd PO dil A A add ids MOL. PAPAS E La PTs A pa _* a ve AN a 
f ny rt -—. IA c AAA aic n T " amg a e a 
Pd. ad wea lg eye © E om « B > E p pe . m 

at ftom © erat amt rm — -w > T » 
si Ld rur) 2 P r sy n ay ` C To 
Lo Padi m A Nr 

A > , ~ A a 

a, e " - r de 4 o we E 
TTL PA e 7 LE 
s ne) ad ae A. an po Y»: > qa we.” 
A et A a Ne A A Ar dd 
47 9 oem, a ime doit ARES al 
ys indie nn Anay iamo a tal A Zi 
Wu uide A e Ko E 


pe 
mU hoo Ma 


moh % "Ala MEM 
Numer * 


e « 
m 
d 
vL 
^ t- o w-- en 
RI e de) del A © | 


aro? ¿pa 

A A dii E NS A ai n 

ELE nc. cipi dnd 
A N > 





p ne ea d 
E 
a do 
EEE É 
PT i a sr E - A "T 
pe rad » wem - PF PLI ` " " A 
T De a: > Pp ne 
"c a s- IN d E 2 « à ® 
y A ssim e "A , a m "A 
e -- 1 - me : T e 
4 E An —^ mae he ~ nun‘ - > | dins 
d - "a - 2 -— Re MAA de oer 
77 75 pna A tes 4 » qs s E M ^ A ied LET pr etal 
^ ho y” asas CTE T e. pera om dil cie "ul E 
"m T a9 Mn o E Sa*eaf/s vom MP od 
wp “ety » o0 get 
gr mm a, D m P 
¿up a undi d F ac^ 
A E td det 
RI mn > Fone tee 
ave A e i 
A O —— 


"RT Bari: aon in o dl JR LS 


EP E ie cdd 


g 
nm » 
- r A 


=. we A a a 
u u TE ap 
any nn 


Wo Ze aai 


a P 
p EP ci E duel 
rie 


"ia din din un 
a rl 
T o 
sen as PI M 
ee ae nn ed eT e 
p» vocero) aut ental e ii AA dri A dl TOTE d a 
" A a Miele ii A ati A ST 
nn inte A ad "T "IL P ee M DS outa A A TI Pr = E A 
5 SP = wor Famo 4 A etal he hale IA O e remar ELA, Pat a agn du P me Pea 
: u rer" SM XT ieh] POT ST Ed e > u - A EL m A E D 
Pid A AA TE A dd .- a c dio L2 E o r " E 
a » mode "mw PX ^ " " A = 
Zr ae d»? n" s ú 
s e Mr A J mapy Y 5 
r ” E pi anne E en : 
lis mt e. ES ie LES d * ^w » 
^ ~ & Pe ww u 
«ga = ¿rr nn” he e 
wm wu > ted nr Aaea 
» wer = A "à ae PUT wr nl 2 
m wow. M- "T e. rmt WU 
só »* ase chp te tate e taa do 
e tae ciel 


Mimi 
o tees 


EE a did 

d qah rus 

A er eh aie 
a bd u. 


u 

une moy —- > 

PT shi od rr. T aa 

a” ve da 

[rur ra dll uad a mu ay mn 7 
»" "o 


A bid 
.- "o 2 pope Ls di 
ru ee = Er idet 
ete iin ppp PIECE E PT 
aa ^" pu a p PEPA in eel E . we " 
Parr a.) ome .. E y "— "T PLE > 
s. - e P 
A un E " ^ o 
g a o“ Ll 
ET or m y 
at àa > = 
2 E " - : * q. “e : we . =. » 
- . Ta > o u an 
- ew "E H Qe 
"LT TS T 


Tm Pan ar 
ate yu B 
r 


TE Td 
» A i” "E 
incu E 
M 
, - ES rn ad di “e 
ii dine e o lr a A q o 
ES nu ar” régi a 
q a". t ow E UN eene o 
A e ió 










DULLEY MNO-. LLEnARY 
MÁVAL FOSTF |DUATZ SCHO^L 
MONTEREY, CALIFORNIA 03243 





REPRODUCED AT GOVERNMENT EXPENSE 


TRRZUNIVERSTETY OF WASHINGTON 


CHETEFEFE TS TOF ENVIRONMENTAL FACTORS 
OMNEWORKER PRODUCTIVITY IN THE 
CONSTRUCT ON INDUSTRY 


A REPORT SUBMITTED TO 
THE FACULTY OF THE DEPARTMENT OF CIVIL ENGINEERING 
IN CANDIDACY FOR THE DEGREE OF 
MASTER OF SCIENCE IN CIVIL ENGINEERING 


BY 
EDWARD F. ST.GERMAIN 


SEATTLE, WASHINGTON 
JULYEI985 








DUDLEY KYOX LIBRARY 


REPPODUCED AT GOVERNMENT EXPENSE NAVAL POBIGRADUATE SCHOOL 





DI fa | ii 1 9Z043.500 


ABSTRACT 


Construction workers worldwide have been charged with per- 
PermiIng tasks under nearly all environmental conditions. As 

a minimum, these conditions include altitude, air ionization, 
temperature and humidity, the day-night sleep cycle (shift- 
merk), norse, Vibrations, and lighting. It is in the best 
interests of contractors, personnel managers, schedulers 

and planners to recognize how each of these effects con- 
Euructooneworkers in view ot productivity, efficiency and 
safety so that they may better plan the operation in advance, 
carefully consider the physical and mental health of the 
workers who will be subject to an adverse condition, decrease 


Eisenteersm, and increase productivity. 
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ee IRODIELTON 


Wemkersokoadueceıvrey is a foremost consideration in 
Bean terueeron industry. It captures, directly or indirectly, 
the interest of nearly everybody : contractors, owners, de- 
signers, lenders, insurers, consumers, fellow workers, 
transporters, suppliers, users, and the general public. 
Good worker productivity increases profits, decreases costs, 
moves materials, inhibits waste, conserves time, promotes 
good morale, increases motivation, decreases absenteeism, 
generates public good-will, promotes enthusiasm, minimizes 
injuries, and eases scheduling and planning. 

Environmental conditions have a considerable impact 
Enehuman performance and productivity in the construction 
industry in either an adverse or beneficial manner. Yet, 
very little has been written on the relationship between 
environmental factors and productivity as they relate to 
construction. The sparse information in the published 
literature generally reports the results of various labora- 
tory experiments, performed under sterile, unrealistic 
Sonar tons tanda usually involving subjects other than 
construction workers. 

Because of the dearth of information and because of 


the importance of this subject, it is necessary to address 
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Ma ron ment=p»productivity relationship and to call it to 
Meee tenelom, Of those involved in the construction industry. 
In this report, seven environmental factors are discussed. 
These are altitude, noise, air ionization, temperature and 
EE ty, the day-night cycle (shiftwork), vibration, 

and lighting. As every environmental condition affects human 
behavior in one manner or another, future research should 
examine the impact on productivity of other related factors 
such as dust, acceleration and deceleration, compression, the 
Erden of special protective clothing apparatus, odorous 
environments, seasonal changes, and psychological effects 

of the worker including worry over domestic probiems, fear 
of the jobsite or working conditions, over-exhaustion, and 

don torth. 

Of course, there are other factors which affect worker 
productivity such as the project design; worker age, sex, 
stature, and skill; and management practices and techniques. 
However, this report focuses only on environmental conditions, 
and specifically only on those previously mentioned. 

L.L. Farkas ( 40) notes: 

...field men are generally compensated 
for the inconvenience of fieldwork 
done under unusual and uncomfortable 
conditions... (and) nave turned in a 
creditable performance. But when such 
conditions continue, the men have a 
tendency to seek comfort and to spend 
ameno epa event their morale is 


ot affected, the hardships will affect 
Ene. WORK output. 
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Moreover, adverse environmental factors affect workers 

Ber chologreally and physiologically over both long and short 
terms, and these, tethered to losses and delays resulting 
meom injuries effect work output and efficiency even more. 
With advance knowledge and planning, such outcomes can be 
avoided. 

Pc cne best interest of contractors, personnel 
managers, schedulers and planners to realize the potential 
effect that the environment might have on future projects 
and to plan in advance the best methodology and personnel 
selection in making it work most effectively for them.Ap- 
pendix A summarizes some of the least severe environmental 
conditions worthy of concern as they affect performance. In 
the following chapters are more detailed descriptions and 
recommendations concerning those factors previously identi- 


ined. 
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¿AED 


GENERAL. 

It is a well known fact that at high altitudes in- 
ternal combustion engines, like those powering motor vehicles 
and heavy construction equipment, operate less efficiently 
unless certain modifications are made to the carburetor to 
ensure the correct ratio between quantity of fuel and air. 
This is because at the higher elevation, the density of air 
is reduced and consequently, there will be less oxygen in 
the cylinder. Since the oxygen ratio should remain constant, 
a lower quantity of fuel is delivered to the carburetor at 
the expense of engine power capacity. 

It should be evident that man, et is greatly 
affected by the sparse oxygen supply at higher altitudes. 
Like the internal combustion engine, operations at high 
elevations place a physical strain on the unsuspecting 
worker who is unequipped to handle the lower air density, 
wevn l be affected both physiologically and psychological- 
ly, i.e., worker performance will deteriorate in direct 
relationship to the altitude. 

At an elevation of 10,000 feet, the atmospheric 
pressure is about two-thirds the amount observed at sea 


level. Since the gaseous makeup of the air remains constant 
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with the percentage of oxygen at 20.94 percent, there will 
be only two-thirds as much oxygen in the air. Because the 
human body's demand for the precious oxygen does not change, 
the result is that a worker assigned a task at a high 
elevation will be required to breathe deeper and faster in 
order to satisfy the body's need for oxygen. 
From the lowest point in the Dead Sea ( altitude 
-1,292 feet) to the top of Mt. Everest (29,028 feet) there 
is a range of elevation of over 30,000 feet with man liv- 
Bor working primarily in the lower half of that range. 
Decompression (the decrease in the density of the air) increases 
with elevation and results in adverse consequences for the 
worker as the distance above sea level grows. For example, 
a deterioration in performance has been found at a height as 
low as 5,000 feet. At 10,000 feet a non-acclimatized person 
begins to experience shortness of breath. Unconsciousness 
Meme OCCUr at an elevation of 20,000 feet (124) 
Acclimatization to high elevations 1s possible. After- 

| all, some forty million people on this planet live at 

| altitudes between 10,000 feet and about 17,000 feet above 

: sea level, and it is well documented that some of the people 

| with the greatest longevity live at such elevations in 
Russian and Equadorian villages. However, for an un- 
acclimatized individual, "some investigators have suggested 
that generations (not days, weeks or years) of continuous 


existence at high altitude is required before performance 
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Ea tO Ena crot native residents is possible" (63). 

Figures l and 2 illustrate the effect of oxygen and 
atmospheric pressure on human performance at various eleva- 
tions. Oxygen is necessary for the generation of energy 
required to make the human body function. Figure 3 illustrates 
enis. 

It is unfortunate that the body does not store oxygen 
Sener than what is currently flowing in the blood stream. 
Muscles themselves can function for a short period of time 
without oxygen, however, some body parts, particularly those 
such as the brain and eyes which are part of the central 
nervous system, are sensitive to the oxygen depletion and would 
cease functioning without adequate oxygen. The brain in man 
eony 2 percent of the body"s weight but accounts for 
meee 20 percent of the total body oxygen consumption (150). 
Figure 4 is a schematic representing the flow of oxygen 
from the external atmosphere to energy production. 

Of interest is an investigation by Jungmann (76) 
Seserving the Course and duration of acclimatization 
Boma relatively low altitude of 2,000 meters (6,562 feet) 
Pao Goup ot 27eindividuals trom the "lowlands". Figure 5 
os trates an immediate reduction in Cardiac output and 
Mmreinerzease in heartbeat rate in reaching the 2,000 m 
Berarıon. After two to three hours the increase in heart 
msmoudecardiac output developed. The control group con- 


sisting of railwaymen and power station workers who lived 
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FIGURE 3 


Hypoxia results from oxygen depletion in the 
human body. As altitude increases, progressive 
impairment occurs in the central nervous 
System, as indicated on figure 3 in the zones 
of increasing density. These changes occur in 
resting persons who are not fatigued or otherwise 
stressed. The oxygen saturation of arterial 

blood for resting persons is also shown as a 

range of saturation levels because temperature 

and pH influence the saturation values. Individual 
variability and time dependency are characteristic 


Qrmmeyese data, (12) (100) (146) (150) ; 
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and worked at the higher elevation, showed no signs of these 
Sranges. Buring this initial 2-3 hours the subjects ex- 
perienced some weakness and irregular heartbeats leading to 
disturbed sleep during the first evening. Some nausea and 
tendency to collapse was also evident. 

By the end of the first week loss of body weight 
reached a minimum and gradually regained thereafter. Both 
heart rate and sporadic heartbeat patterns increased dur- 
ing the first and third weeks. Within the first three weeks, 
there were no changes in blood pressure except in subjects 
with hypertension who displayed a blood pressure drop. 

There were increased requirements for iron during the first 
two weeks with the maximum demand on the sixth and tenth 
Es. Lung capacity diminished during the first few days 

and did not return to its original capacity for three weeks. 
The reason for the "turnaround" can be attributed to "com- 
pensating mechanisms" within the human body which tend to 
restore normal aerobic capacity. Briefly, these include: 
Man increase in lung capacity, (2) an increase in cardiac 
Stout, (3) a reduction in plasma volume which allows for 
(4) a gradual increase in the red blood cell and hemoglobin 
Sontent im the blood, (5)an increase of myoglobin, the 
oxygen carrying pigment in the muscle, and (6) an enlargement 
of the blood vessels (vasodilation). 

The experiment resulted in the following conclusions: 


(a) Even at the relatively moderate elevation of 
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Boom (6,962 feet) there is some acclimatization to the 
Mack of oxygen; 

(Boeencelimacization 1s accomplished in stages and 
is not a steady, gradual process; 

(c) It takes at least 3-4 weeks to reach maximum 
eae not total) acclimatization at the 2,000 m elevation 
level. 

In an experiment by Shephard (134) where ten subjects 
were exposed to a simulated altitude of 18,000 feet for ten 
Minutes the results were similar. The oxygen saturation 
showed a progressive decrease during the first ten minutes 
EM Dora to about 75% of the original saturation. Initially, 
the pulse rose rapidly and then it plateaued at a value 40% 
above the initial rate. Some subjects showed no change in 
their respiratory rate while others fluctuated between normal 
and 60-70% above normal. The sporadic breathing was noted 
with several subjects. The respiratory volume of one minute 
increased progressively throughout the period of hypoxia, 
reaching a value of 40-50% sbove the normal resting level. 

Another potential illness associated with working at 
high altitudes is high altitude pulmonary edema which may af- 
fect persons who ascend rapidly from sea level to high alti- 
tudes (above 9,000 feet). This condition is more pronounced 
when associated with physical exertion. Within a few days of 
arrival at the higher altitude, normally two to seven, the 


Aman lc utters breathing difficulties, coughs, and ex- 
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periences fatigue. It occurs when high blood pressure in the 
Mitos forces fluid out of the blood and into the lung tissue, 
triggering the development of pulmonary hypertension. Death 
may Occur if the passage of oxygen to the blood becomes im- 
peded (63). Children and teenagers are most likely to be 
Ecken, however, it is also known to affect high altitude 
residents who return from a sea level visit and immediately 
take up strenuous physical work that they primarily performed 
Eua routine basis (5)(69). 
BENENECTS ON PERFORMANCE 

Figure 6 illustrates those functions of the human 
body affected by high altitude. These include the brain, lungs, 
heart, stomach, glands, nervous system, and muscles. In addi- 
Bon, figure 7 illustrates construction productivity degrada- 
Bon as a function of altitude. 

By the very nature of the symptoms noted in a person 
stricken by hypoxia (nausea, loss of breath, fatigue, rapid 
pulse rate), it is evident that a worker will not feel like 
working. Such a worker will be unenthusiastic and unmotivated, 
at least for the first few days until the natural "compensa- 
ting mechanisms” take over and gradually acclimatize the body 
to the new environmental condition. 

Aside from the physical ill-feelings, there are other 
repercussions experienced by an hypoxic individual. What 
these are, however, is complex and dependent upon a myriad 


emcee roreenor example, Phillips, Griswold and Pace (121) 
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noted that in the case of "judgement tasks", the same degree 
of hypoxia could lead to impairment, improvement, or no 
change in performance depending upon the complexity of the 
psychological functions demanded by the task, coupled with 
the cognizant efforts by the subjects to overcome their 
physical ills. 

In other experiments conducted by Ledwith (82) general- 
ly there is no impairment of performance at low stress levels. 
However, from sea level to 7,000 or 10,000 feet elevation 
there was a significant increase in reaction time and de- 
crease in movement time. Hypoxic impairment of total response 
time was found at altitudes as low as 5,000 feet. Above 
207,000 feet there was little further reaction time impairment, 
which the author theorized was the result of psychological 
stimulation by the subjects in response to feeling the 
hypoxic effect. 

In studies of athletic performers it is concurred by 
experts that events of short duration (sprint-type) show no 
degradation resulting from the higher altitude. However, those 
of longer duration, generally more than two minutes, are ad- 
versely affected due to the limited amount of oxygen that can 
me supplied to muscle tissue. Training to achieve ac- 
climatization was somewhat effective, but the level of per- 
formance never quite closed the gap between sea level and 


high level performances (5). 
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At very high, experimental altitudes (maximum 20,000 
feet with 10 minute exposure by subjects) a decrease was 
noted in immediate memory and impairment in judgement. Atten- 
tion decreased with hypoxia development (102) (134), there is 
ELI -ocraciloncsDnOnandwrijting (L01) (134), mental fatique was 
noted (3) (134), and hand steadiness occurred in manual tasks 
(116) (134). Mood changes were also observed under these condi- 
tions. Shephard (102) (134) relates the following: 

Two types of subjects may be distinguished. 
Dunne E Nes) poxla produced an initial 
stimulation of the central nervous system, 
with a decreased initial response time and 
increased error, but as the hypoxia becomes 
more severe, a 'depressive' type of reaction 
with increased initial response time and 
gross increase of error is observed. In the 
other type of subject...the 'depressive' 
type of reaction is present from the be- 
ginning, but becomes more marked with con- 
tinued exposure to oxygen lack. 

Although there have been no known studies relating the 
effects of high altitudes to performance specifically in the 
construction trades, it is safe to assume that the results of 
the previous observations are equally applicable to con- 
struction workers performing tasks at high elevations. 

munere high abrtrcudes contractors may expect 
Mae ol lowing reactions on the part of their construction 
workers unless preventive measures are taken: 

* Physical Reactions 


* Deep and erratic breathing 


* Faster heartbeat 
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never really 


ES 


Weakness 

Disturbed sleep 

Nausea 

Loss of body welght 

Increased iron requirements 

Decreased lung capacity/loss of breath 
Unconsciousness (18,000 feet) 
Drowsiness 

Loss of appetite 

Decreased visual sensitivity 

Impaired memory and calculation 
Altered judgement 

impaired coordination 

Slower reaction time 

Slower movement time 

Decreased attention to direction 
Deterioration of handwriting 

Mental and physical fatique 

Decreased hand steadiness in manual tasks 
Mood/personality changes 

Signi icant eto repeat that although- an individual 


becomes fully acclimatized to a new environmental 


condition, these symptoms will normally be most severe during 


the first few days of exposure and gradually decrease over 


the next four to five weeks, possibly more. 
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RECOMMENDATIONS 
mt uIcumbente&upon contractors who currently or in- 
tend to perform work at high elevations to recognize the 
symptoms listed in the previous section and to take precau- 
tionary measures to ensure an efficient and effective work 
effort. 
Iers hourdalalso be realized that acclimatization is 
mere totally effective: 
Tichauer (1963) measured the performance 
of groups of ten similar people perform- 
ne N 
Tom PLParEmuchsngeworkeut sea level and 
at 13,500 feet. Work done by the man (sic) 
took almost twice as long at 13,500 feet. 
The amount of spoiled work increased from 
1.5 percent at sea level to 9 percent at 
Box Peet Unfortunately; "no statistical 
tests appear to have been carried out on 
these results (124. 
What, then, can a contractor do? The following mea- 
sures are recommended: 
(1) RECOGNIZE THE PROBLEMS SYMPTOMATIC OF HYPOXIA 
listed in the previous section. 
(2) EMPLOY ON THE PROJECT WORKERS WHO ARE IN GOOD 
PHYSICAL CONDITION. Physical training at sea level has in 
itself been attributed to increased working efficiency. Un- 
EIN dentical working conditions, a physically fit individual 
is found to have an increased myoglobin content, increased 
tissue capillarization, increased energy storage, and alter- 


ations in enzyme activity (124) which help to cope with 


oxygen deficiency. 


19 
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(3) EMPLOY, AS MUCH AS POSSIBLE, WORKERS WHO 
EUEEACCLIMATIZED TO THE AREA; that is, those who normally 
live or work at the higher elevations. They will be able 
Memvork at higher performance levels than a counterpart ar- 
riving from sea level elevation. 

(4) AVOID FREQUENT AND RAPID ASCENTS AND DESCENTS 
EEE WEEN HIGH AND LOW ELEVATIONS. This will not only shorten 
the total time required to become acclimatized, but in addi- 
tion, reduces the chances of becoming subject to pulmonary 
edema. 

(5) AFTER ARRIVING AT A HIGH ALTITUDE (9,000 feet 
Noe), A PERIOD OF REST AND INACTIVITY FOR 1 OR 2 DAYS 
SHOULD BE OBSERVED. Pulmonary edema has been directly linked 
to the performance of strenuous activity immediately upon 
undergoing an altitude change. 

(6) ENSURE THAT WORKERS AND SUPERVISORS ARE 
TRAINED IN AND ARE AWARE OF THE POTENTIAL PROBLEMS ASSOCIATED 
WITH ALTITUDE. This may help in job crew selection through 
self-disqualification and avoid unnecessary risks by un- 
knowledgeable workers. 

COEN URET WORKERS T RECEIVE PHYSICAL. EXAMS PRIOR 
TO JOB ASSIGNMENTS. Any interference with perfect health such 
as colds, asthma, intestinal problems, ulcers, diabetes, and 
insomnia may considerably affect tolerances to high altitudes. 
Workers with ear and sinus problems should also be avoided 


due to the decompressed air in the middle ear and sinuses. 
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(Note: Use of sinus decongestants may help, however recent 
evidence exists that continued use over long periods of time 
may become habit forming.) 

(8) CONSIDER ALTERNATE MEANS OF ACCOMPLISHING THE 
BENSTRUCTION EFFORT, possibly substituting more numerous or 
larger pieces of heavy equipment for manpower. There may 
actually be a financial tradeoff, and in minimizing the man- 
power requirement, there will be a lesser chance of being 
faced with high altitude reactions. 

(9) PERFORM AS MUCH OF THE WORK AT "NORMAL" ALTI- 
meee AS POSSIBLE. This is particularly true for mental tasks 
where judgement, sharpness, timing, and attention to detail 
memoar ticularly vulnerable to hypoxic conditions. 

(10) STRICTLY FOR EMERGENCY REASONS, MAINTAIN AN 
AMPLE SUPPLY OF OXYGEN ON THE JOBSITE. Many of the hypoxic 
and edemic symptoms are sharply reduced with the inhalation 
of oxygen. 

Moe coma zed that many contractors will never 
have the opportunity to work at very high elevations. However, 
a contractor can never be certain of the altitudes at which 
Pare projects will be performed. Thus, it is an important 
that contractors be aware of the altitude effects on worker 


performance. 
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3. AIR TONIZATION 

GENERAL 

ene e een Owna pout the effects of charged ions 
che air on human performance. What is known is that in 
IC I950's manipulation of the ion ratio was considered 
Bozbe such a cure-all, such a panacea for healing all ill- 
nesses from constipation to cancer, that the federal govern- 
ment found it necessary to regulate the advertising and 
ma trobutron of commercial ionizers until such time that addi- 
tional research could be performed on ionizing effects. The 
consequence has been a discouragement of legitimate scient- 
fic interest on the subject with only scattered research 
actually performed since that time (79). 

Dncwreccogn)itiono of the ionization effect on man 
gen uallvy dates back to Hippocrates in the fifth century B.C. 
Although he did not know the exact cause, Hippocrates wrote 
that "northern winds occasion disorder and sickness," mean- 
ing that people are sensitive to weather. It wasn't until 
the turn of the twentieth century when the phenomenon was 
associated with electrical charges in the air. Being "under 
the weather" does, in fact, hold some truth. 

Air ions are molecules of the common atmosphere gases 


which assume a negative or positive electrical charge. When 


2 
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they are created, there are an equal number of positive and 
negative ions and they tend to pair up and neutralize one 
another. Charged particles are formed when energy produced 

by natural causes, such as radioactive elements from the 
SEE. s crust, solar rays, lightning discharges or ultraviolet 
radiation (24), cause a gaseous molecule to lose a negatively 
charged electron. The displaced electron attaches to an ad- 
jacent molecule becoming a negative ion and the original 
molecule becomes a positive one. 

Because of the earth's negative charge, the negative 
ions are generally repelled by it. In addition, because the 
negative ions are smaller and faster, they tend to crash into 
and remain on physical objects, leaving an abundance of posi- 
tive ions within the air. In a room, the walls will have the 
negative charge and the air will contain the positive ions. 
Mm@eswresult is a natural positive to negative ratio of 1.2 
to 1 (79). Near waterfalls, on the otherhand, the positive 
lons tend to fall to the ground with the water, leaving an 
excess of negative ions in the air (as many as 37,000 per 
emis Centimeter of air) (124) (33). 

In normal clean air over land, there are from 200 
EN S00 charged ions per cubic centimeter of air, depending 
Meeme the weather conditions (24) (79). The same cubic centi- 
meter has about 10 million trillion uncharged particles (80). 
Maat tonto the natural causes of charged particles, man 


has unknowingly added a number of others. Metal structures, 
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Bem as buildings and bridges, reach high temperatures in 

the heat and produce large amounts of predominately positive 
ions. Open flames - even a lit match - generate floods of 
Mens. High voltage lines, a pounding surf and a building 
demolition all contribute to disassociate air molecules into 
ions. Static electric charges such as those caused by wearing 
Earn synthetic clothing, moving plastic sheets in dry air 
or even the operation of mechanical equipment likewise re- 
sult in the phenomenon. 

MEA SPRINT that exposure to ionized air has a con- 
siderable effect on human behavior. Because the construction 
industry is so much a part of creating the "man made" ioniza- 
tion phenomenon and because of the exposure that workers 
continually have to ionized environments, recognizing the 
potential ionizing effects on workers and taking efforts to 
assist or decrease them should be of interest. 

PERFORMANCE 

Unlike hypoxia and other environmental effects, ioni- 
zation is not believed to cause any major physiological 
problems in human beings. Instead, charged ions have been 
bened to drugs..." uppers" and "downers", because of their 
effect on mood, motivation and performance as caused by 
reactions within the brain. 

The theory is that negative ions make us feel good, 


while a large proportion of positive ions have the opposite 
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effect. There is mounting evidence that charged ions do 
actually cause changes in the brain by altering the quantity 
of the neurohormone SEROTONIN (5-HT). This chemical has been 
linked with the function of the endocrine glands and central 
n uous system which, in turn, affect other basic physio- 
logical processes such as sleep, the transmission of nerve 
impulses and the development of mood. Reduction of the 5-HT 
trels in the brain by negative ions has a tranquilizing, 
almost euphoric action, while an increase caused by a high 
Hato of positive ions in the air, has been associated with 
EEneral irritability, depression and lethargy. 

cerra Mondi tions create higher levels of positive 
Bons than are found under normal conditions. For example, 
there is a sharp increase of positive ions in the air the 
day prior to the arrival of warm, dry winds across large 
land masses such as the Sharov of Israel, the Santa Anas of 
EEUchern California, the Chinook of Canada, and the Foehn 
Of Switzerland and Central Europe (140) (144).Prior to the 
ral of these winds, observations of personal irritability, 
depression, discomfort, tension, insomnia, Migraines, lassi- 
EL 5reatebrng difficulty, and nervousness were made. In 
fact, these "devil winds" have been blamed for outbreaks of 
Violence and suicide among the populations exposed to them 
(36) and people often compensate for their effects: judges 
are more lenient; surgeons postpone elective surgery, and 


teachers expect unruliness from their students (80). So 
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frequent is the malaise that Israeli scientists have dubbed 
Are phenomenon "Serotonin Hyperfunction Syndrome" or "Irrita- 
Eon Syndrome" (79). 

The effects Of ions on human behavior have received 
a moderate amount of attention since the fifties and have 
been observed, under laboratory conditions, in terms of sen- 
ron, activity, learning, comfort and well being, vigilance 
reaction time, mood and performance. Laboratory tests have 
progressed from microorganisms through human beings and have 
nosulted in the following conclusions: 


roms fare biologically active, affecting all 


living matter; 


* Depletion of ions in the air may increase a 
person's susceptibility to illnesses; 


* An increase in ions- particularly negative 

ones- may be useful in the treatment of 

burns and respiratory diseases; 

TO caco ns lic r uding smog, pollution; 

dense populations, and air conditioning, de- 

crease the negative to positive ion ratio (80). 

Scientists have found that some 10 to 12 hours before 

the Sharov winds and accompanying humidity and temperature 
change, the total number of ions increased from 1500 ions 
per cubic centimeter to 2600 ions per cubic centimeter and 
the ratio of positive to negative ions jumped from 1.2 to 
w The shift in ion ratio coincided with the onset of 
nervous and physical symptoms in those sensitive to the 


peser leading to the conclusion that the symptoms are not 


Goincidental and happenstance. Further, the scientists found 
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Be che Victims of irritation syndrome experienced relief 
when treated with negative ions or with drugs that interfered 
Zee 5-HT production (79). 

exporiments in Russia found that high concentrations 
of air ions inhibited growth of disease causing bacteria and 
reduced the number of microorganisms normally found in- the 
Eu (80). 

Experiments on mice and rabbits showed that ions 
Meeeeetly effect the lining of the trachea, the section of the 
respiratory system between the lungs and the mouth, and also 
erected the animals’ ability to respond to respiratory 
disease. Negative ions improved the situation while positive 
ions impaired it. (80) 

Serotonin was linked to air ionization when it was 
found that animals exposed to positive ions developed diarrhea, 
muscle spasms, and breathing problems. Because 5-HT results 
in similar effects, it was theorized that positive ions 
cause the release of 5-HT from the brain while EM o ions 
increase its oxidation, thus removing it from the body sooner. 

The theory was confirmed later by animal laboratory 
experiments. 

Several tests have been conducted to examine the 
effects of ions on human behavior. Tests in India have 

| shown that artificially increasing negative ions produces 


| increased cheerfulness and alertness while decreasing errors 
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and illnesses (62). In a Swiss bank, 33 employees were ex- 
posed to negative ions in an office encironment for 30 weeks 
resulting in a 94$ decrease in lost work time (80). In Oregon 
schools there was a 17$ decrease in absenteeism at one school 
and 27$ at another when negative ions were emitted into the 
atmosphere (80). Investigators in Japan found that if tempera- 
ture, humidity, and carbon dioxide levels were held constant 
but ion levels were reduced, subjects perspired and complained 
of depression (80). : 5 

Ionizing is also being investigated as a means of 
treating medical ills. Ions have been shown to pass their 
charges on to cough and sneeze particles causing the infectous 
droplets to fall harmlessly out of the air. Negative ion 
therapy has been used to treat over 200 burn patients at the 
University of Pennsylvania. A majority of patients reported 
relief within 10-15 minutes after exposure to the negative 
Bons (80). 

Learning has also been shown to be influenced by ion 
exposure, and experiments on rats demonstrated that fewer 
errors were made when running through mazes when the air 
easzsenriched with both positive and negative ions, with 
Mmeeaeivye ions improving performance to a greater extent. 

Hawkins and Barker (62) have shown that negative ions 
EN osuEvS ions also affect the circadian rhythm. Negative 
Mona pear to flatten the rhythm's amplitude. In an experi- 


ment, control subjects showed a rising level of performance 
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between 0900 hours and 1600 hours with a subsequent de- 
ereasıng level thereafter until 2100 hours. Subjects ex- 
posed to negative ions maintained a high level ae entire 
period, including the evening hours. Those .exposed to posi- 
tive ions showed a more rapid worsening of performance and 
to a greater extent. 

In the United States the study of ions has received 
most support from employers concerned with the effects of 
ions on their employees. At the end of a working day a rei 
cal office may contain as few as 20 negative ions and 34 
positive ions per cubic centimeter of space, compared to 
some 4000 ions found in a cubic centimeter of fresh, un- 

| polluted air on top of a mountain (79) (80). Aware of the 
possible ramifications of high density spaces, pollution, 
Secale Electricity , and mechanical equipment on ion production 
or reduction, employers are interested in achieving all the 
beneficial aspects in attempting to improve motivation, at- 
Zm ance, productivity, and quality of output. 

dente etors, too, should be interested in maximizing 
negative to positive ion ratios and minimizing positive to 
BEDltmve ion ratios. In substituting the positive ions with 
EI uvsUlonsy,woerkerwoutEput will increase, contract time will 


EID urducscedoscuslity of workmanship will improve, and increased 


Breritability will be realized. 
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Nonrknowmereseareh has directly linked the effects of 


ERAN ons with the construction industry. However, from the 


Are discussion, it is evident that the following descriptors 


can be used to describe the 
Mewavior, including that of 
POSITIVE IONS 


Breachingneirficulty 
violence 
undesireable 
headaches 
nervousness 
diarrhea 
unruliness 
muscle spasms 
sleeplessness 
ri tabilıty 
stomach upset 
perspiration 
depression 
discomfort 
lassitude 
enervation 
aggressiveness 
tension 
nausea 

apathy 
fatigue 
sedation 


RECOMMENDATIONS 


general effect ions have on human 


constructron workers: 


NEGATIVE IONS 


less anxiety 

learning facilitation 
tranquillity 

reduced infection 

burn treatment i 
mental/physical efficiency 
EOMFOrE 

cheerfulness 

alertness 

decreased errors 

elation 

beneficial 

energy 

euphoria 


Because of the many uncertainties and the sparse 


masearch done on the effects of 


Toms arGglerecral ionization 


Na be undertaken with caution. The purpose of this dis- 


weon is to advise contractors of routes for potential 


progyect efficiency and effectiveness and pitfalls to be 


wnaed. Accordingly, the following recommendations are 


provided for consideration: 


(1) WET DOWN WORK AREAS AS MUCH AS POSSIBLE. Demo- 
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Eion, dust, excavation, etc., are known to generate ex- 
cessive positive ions; 

(2) PROVIDE CONSTANT SPRAY AND/OR EMPLOYEE SHOWERS, 
IF POSSIBLE. Broken water molecules are known to provide 
negative ions, providing a rejuvenating effect; 

(SIPHUMIDIEY WORKING SPACES. Humidity generates 
ions and will eliminate static electricity; 

(4) WEAR CLOTHING AND USE MATERIALS NOT PRONE TO 
PRODUCE STATIC ELECTRICITY. Static electricity produces a 
negative charge around a person, repelling the beneficial 
negative ions and attracting the undesireable positive ones; 

(5) ELIMINATE OPEN FLAMES AND LIMIT SMOKING AWAY 
FROM THE IMMEDIATE WORKSPACE. These, too, increase the 
undesireable positive to negative ion ratio; 

(6) ATTEMPT TO USE SHIELDED MECHANICAL AND ENE ERES 
CAL EQUIPMENT designed to provide minimal electromagnetic 
Air rent. 

Even if the above recommendations are not feasible for 
IE rc utar construction job, it behooves the contractor to 
be aware of the phenomenon in the event that the symptoms 
among workers become commonplace and a possible reason for 


the trend is sought. 
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4. TEMPERATURE AND HUMIDITY 

GENERAL 

Human life can be maintained in climates ranging from 
pemwereme, furnace-like heat to Arctic cold. In the former, the 
problem is to maximize heat loss, while in the latter, maxi- 
mizing heat generation and ee. heat loss are of pri- 
HEY importance. The critical variable, in any case, is expo- 
ame time which may range from a few seconds to a lifetime. 

Goldman (50) relates that man's ability to stand 
extremely hot air temperatures was first noted in 1760 when 
two French scientists were unable to measure the inside 
temperature of a hot baking oven because the thermometers 
mould immediately cool upon removal. A girl tending the oven 
offered to climb inside to read the thermometer, at which 
time she remained inside for twelve minutes at a temperature 
of 1490c (3000F). As recently as 1949, man's natural tolerance 
to dry heat has been charted at Wao eR aor) and 24 minutes 
Aane e 2O). Goldman cautions, however, that when humi- 
dity to saturation is added, tolerance is limited to about 
mC (120°r). 

Because of the variables involved in providing the 
sensation of heat on the exterior of the body (temperature, 
maaiation, wind, humidity) a common unit of measurement, 


Effective Temperature (ET), is normally used. It is a scale 


32 
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Ss ubjective comfort based on the combination of the climate 
variables into a single value. An ET of 70° is defined as air 
at 709F fully saturated with water vapor, with next to no air 


movement. Dry bulb temperature Ca 


DB) is the normal reading 
taken directly from a thermometer not taking into account 
humidity or wind, while wet bulb temperature (TwB) considers 
Mas ty (100% saturated) but not the effects of wind. It 
gives a direct measure of the lowest temperature which the 
skin can reach by evaporation. - 5 

Relative humidity is the ratio of vapor pressure of 
water in air to vapor: pressure in saturated air at the same 
temperature. It affects both feelings of comfort and warmth 
at high temperatures. Relative Mumzdaırty ınzehe 35 = 65% range 
is msually desired (105). The National Institute for Occupa- 
tional Safety and Health (NIOSH) has defined a hot environ- 
ment as one in which the temperature, humidity, radiation and 
wind speed combine to create a wet bulb temperature of Oe wor 
Berater. 

Other measures of temperature are also used: a calorie 
is the quantity of heat required to raise the temperature of 
l gram of water 1°C. The cooling power of man is expressed 
as calories per square meter of body surface area. The 
"reference man" for calculating body surface area weighs 
EN 105477015). has a height of 174 cm (68.6 in) and has 
a surface area of 1.8 square meters (19.4 sqft). 


The effects of heat or cold on human exposure depend 
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on numerous variable factors including air temperature, humi- 
dity, air movement, radiant heat, rate of work, degree Or 
acclimatization, the age and physique of exposed individuals, 
ene amount and type of clothing worn (84). Any or all of 
these affect the tolerance that man has to extreme tempera- 
muros which in turn, affect the rate of work, quality of 

work, and overall performance exercised by individuals. Be- 
eamse of the nearly intolerable hot or cold working conditions 
ich construction workers are often required to work, this 
Bc 1s of particular interest to contractors who wish to 


EHEntarn the highest possible productivity without jeopar- 


mong worker health and efficiency. 
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HEAT 

Through common knowledge and experience one has come 
memerealize that with the arrival of sudden, hot weather, the 
ability to perform work that is easily done in cool tempera- 
BHUSES 1s impaired. Within a short period of time of working 
through the heat wave, there is a gradual return of the 
ME to work with little or no discomfort as the worker 
becomes acclimatized to the new environmental temperature 
eondıtion. s 

Women are considered to tolerate heat less well than 
men, but overall both sexes develop acclimatization rather 
well. The fitness of the individuals play an important role, 
but the amount of strenuous work given to a worker, male or 
female, relative to their body size is equally important. A 
person of relatively small stature or work capacity obviously 
will be using more reserve capacity at a given work load than 
will a larger, stronger person and this will be reflected by 
such physical identifiers as pulse rate, body temperature, 
Preathing capacity, and cardiac output. 

Heat does, in fact, significantly affect performance, 
Investigations of the tinplate, iron and steel, and glass 
bottle industries reveal a seasonally related productivity 
output variance of an average of 10% and in some cases, as 
Meno as 30%. Productivity in weaving and coal mining falls 
Off when temperatures rise above 75°F. Further, the number 


Of reported accidents increased with temperatures below 559F 


35 
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End above 75°F (120). 

The results of a 1947 study by Mackworth (95) (120) 
Aerea enat the maximum physical output of a young, fit, heat 
meclimatized man decreased significantly at an effective 
temperature of 86°F. When the effective temperature reached 
1009F output was reduced to two-thirds of that achieved at 
the 669 effective temperature. Similarly, a 1946 study by 
Caplan and Lindsay of Indian miners showed work output to 
decrease significantly when the effective temperature was - 
EN cdoto 850E7 (86) (120). A 1959 study of South African gold 
miners found that as temperatures increased from 81 to 849F 
the performance of the acclimatized miners declined by 4%, 
and then, work output fell more quickly to about 50$ of 
Eormal output in a climate of g3 Er (120). 

The impact of heat appears to be most pronounced for 
those who are working their hardest at a physical task or are 
unsuccessfully straining to perform a highly skilled task. 

As a result of its internal, metabolic activity, the human 
body continually generates heat as a by-product. With the 
exception of actual work output, essentially all enery ex- 
pended by the body is converted into heat. For example, a 
meting adult male gqanerates 1 kcal/min. of heat; in perform- 
ing non-strenuous sedentary activities, he generates 1.5 to 
Peo kGCal/mMin.; in performing moderately physical activities, 
5.0 kcal/min.; and in performing extremely heavy work, up to 


Momo kcal/min. (35). Table 1 lists the hourly energy expendi- 
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Form of Activity Calories per hour 
Sleeping 65 
Awake lying still v 
Sitting at rest "4 100 
Standing relaxed 105 
Dressing and undressing 118 
Tailoring 135 
Typewriting rapidly 140 
"Licht exercise 170 
Walking slow.lv (2.6 miles per hour! 200 
Carpentrv, metal working, industrial painting 240 
PINGIVE Cxerc ise 290 
Moecere exercise 450 
Sawing wood 480 
Swimming 500 
Running (3.3 miles per hour) 570 
Me eGy severe éNercise 600 
Walking very fast (5.3 miles per hour) 650 
Walking up stairs 1100 i 
TABLE l 


Energy Expenditure Per Hour During 
Mi itlerent Types Of Activity For A 
10 Kilogram Man (58). 
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ME o a 70 kg (154.7 lb) man performing various types of 
Me Ssi cal activity. Note that walking up stairs requires 17 
times as much energy as lying in bed and that in an 8 hour 
da carpenter burns up nearly 2000 calories. 

The body continually tries to remain in a state of 
Em erature equilibrium with the environment and adjusts it- 
self to the everchanging exterior. Even the casual observer 
realizes that as the temperature cools from the norm, the (1) 
skin becomes cool, (2) blood is routed away from the skin - 
surface and more toward the central body core, (3) "goose 
bumps’ appear on the skin, increasing its insulation power, 
(4) the core temperature (rectal) normally rises, (5) shiver- 
ing occurs, and (6) there is a lowered blood pressure. As 
the environmental temperature warms from the norm, the obser- 
ver's (1) skin becomes warm, (2) more blood is routed to the 
Outer skin surface, (3) the core body temperature drops, (4) 
Se ring may occur, and (5) sweating is likely to occur. 

Pnerealıty, what occurs iS that (l) a large blood 
mia is directed to the working muscles, providing oxygen 
to them and dissipating heat away from the central core; (2) 
the increased blood flow to the skin surface cools the blood 
M mmlar to the wzy an automobile's radiator cools water) 
and supplies the sweat glands with water, and (3) flow 
am ough the liver and otner internal organs transfer water 
from them to the sweat glands and other working muscles. 


The body loses heat to the atmosphere by four processes: 
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EDI ratlopno radiation, conduction and convection. Loss of 
Meat by radiation means loss in the form of infrared heat 
rays. All mass in the universe, not at absolute zero tempera- 
ture, radiates such rays. Just as heat radiates from the human 
Bad it also radiates from wall, furniture, carpeting, and 
all other matter towards the body. The net result depends on 
whether the human body is warmer than the surroundings (the 
body loses more heat than it receives) or whether the sur- 
roundings are warmer than the human body (the body receives- 
more heat than it gives off). 

Des bodyveloses a LPmtrlesneat by conduction to objects 
AE as furniture, and somewhat more, directly to the alr. 
Here, heat is passed on from one molecule to an adjacent one 
as they are in contact with one another. 

Convection involves the removal of heat from the body 
by the movement of air. Convection almost always occurs a- 
round the body because of the tendency of air immediately 
Ercunding the skin to rise. Heat loss occurs much more 
rapidly when there is a breeze and the layer of air immedi- 
ately adjacent to the skin gets replaced by new air more 
Exosdly than normal. Figure 8 illustrates the importance of 
this phenomenon. 

Evaporation is one of the most effective ways of 
Esoling the body, and in the event where the environmental 
temperature is greater than that of the body, is the only 


means by which the body can rid itself of heat. Air movement 
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FIGURE 8 


Percentage Of Total Heat Lost 
Through Convection As A Factor 
Of wind velocity (39). 
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again aids in the evaporative process by replacing the zone 
Sa tE adjacent to the skin layer. The thickness of the air 
NI Cr surrounding the body provides significant insulation 
between the skin surface and the environment. Goldman(50) 
Petes tne example of occupants of a turkish bath with the air 
EEXeuradted and at 509C (1229F). If a fan were placed in the 
bath penetrating the air layer, all would flee as the 50°C 
moist air reached the skin. Man's tolerance is only 45°C 
Maen) under these conditions. 

Figure 9 illustrates each of the four mechanisms by 
which heat is removed from the body and figure 10 shows the 
percentage of heat lost by each process at different tempera- 
tures. 

When an unacclimatized person performs a moderate 
Enount of work in a hot environment (walking 3%4miles per 
Meme for I hour at 120°F) the individual will first experience 
severe discomfort. Dizziness, nausea and collapse may occur, 
accompanied by high body temperature, rapid heart rate, high 
skin temperatures and inadequate quantities of sweat. However, 
after performing the work for four to seven days, the worker's 
ability will be improved as well as the beforementioned phys- 
ical conditions. It is evident that the worker has become 
acclimatized. The physical improvements are all indicative 
that the body's “early warning system" has taken effect: re- 
duced body temperature reduces the risk of heat stroke; 


Power heart rate signifies less cardiac strain; increased 
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Mechanism Of Heat Loss From The 
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FIGURE 10 


Percentage Of Heat Loss To The 
Environment By Evaporation, 
Radiation, And Convection Under 
Diferent Conditions Of Air And 
Wall Temperature (98). 
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sweat production makes available more water for evaporative 


Seeling; and lower salt content reduces the depletion of the 


Ajo rage of salt in the body (7). 


Bass (7) describes the acclimatization process in the 


following manner: 


(a) 


(b) 


Ce) 


(d) 


(e) 


It begins with the first exposure, pro- 


gressing rapidly, and is well developed 


in 4-7 days; 


Krscansbesinduced D7 short, intermittent = 
work periods in heat (2-4 hours daily). 
Braer-ivieyresultszınesonly slight aecli- 
matization; 

Supneersasimscooodzsphysical condition accli- 
matize more rapidly amd are capable of 

more work in the heat. Good physical condi- 
Eonia by itself-does net result in 
seelimatızation; 

The ability to perform maximal work in 

the heat is attained quickly by progressively 
increasing the daily work load. Strenuous 
exertion on first exposure may result in 

a disability vvhich will impair performance 
for several days; 

Zeelımatıization in severe conditions 

will facilitate performance at lesser 


condicrons and provide partial" accli- 
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mat izacron to more severe conditions; 

Œ) The general pattern of acclimatization 
is the same for short severe exertion as 
for moderate work of longer duration; 

Ec a e on Cto hot, dry climates in- 
creases performance ability in hot "wet" 
Climates and vice versa; 

(h) Inadequate water and salt replacement 
can retard the acclimatization process; 

(1) Acclimatization to heat is well retained 
for about two weeks of non-exposure, after 
which retention is dependent on the indivi- 
dual. In two months, most of” the acclima- 
tization is normally lost, however, those 
in good physical condition may retain the 
acclimatization better than others. 

It is amazing that the temperature of the body interior 
remains almost exactly constant, within or daily, except in 
Maer case of an illness. Under ideal conditions, the nude per- 
son can conceivably be exposed to temperattres as low as 55- 
Meer yor as high as 150°F and still maintain an almost constant 
internal body temperature (58). 

se mb dy temperature to only 99.19%r (37.3°C) 
ENMEUDUV impairs performance. A rise to 101.3°F (58590) 


makes a person uncomfortably hot and aroused, possibly even 
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BMurrovrrng his efficiency at a task. Collapse or heat stroke 
Meeurs before the body temperature rises much above 105°F 
Ec) (2). 

NIOSH has stipulated that a worker's deep body tempera- 
ture shall not be permitted to exceed 389C (100.49F), the be- 
Memnming Of the so-called “environment divergence zone" (EDZ), 
where a relatively small increase in environment heat will 
cause a substantial increase in deep body temperature (75). 
ares 11 and 12 illustrate this. - > 

In a vigilance experiment by Bell (8) there was no evi- 
dence that environmental temperature directly affected perfor- 
mance; however, it was noted that both visual and audio perfor- 
mance deteriorated with increasing body temperature. At five 
ENULc-ent exterior temperatures ranging from 76?F to 116.5°F, 
Ehe average increase in oral temperature was 2°C with an 
average duration of 45 minutes and terminated by imminent 
collapse. 

As the body temperature rises, more blood goes to the 
Mane to be cooled through radiation and convection. The skin 
appears pink and flushed and the person sweats considerably. 
The heart rate increases, even if the subject is sitting. 


ENS is symptomatic of heat stress and is associated with a 





NO re to respond to important events during the extended 
| Meetormance of normally routine tasks. (See figure 13). In 
the bottom curve, the workers are doing the equivalent of 


400 kilocalories of work per hour or the same as walking 4 
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O 10 20 30 40 50 60 70 
EXPOSURE TIME IN MINUTES 


EIGURE 11 


Rectal Temperature Of One Subject Exposed 
To Heat. Note the heightening of the 
increase rate after 50 minutes when the 
Becta tempera ure exceeds 39.29 C (79)(88). 
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The Numbers Of Men Who Reached A Deep 
Body (Rectal) Temperature Of 102.5°F 
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Pe Gi eles 


Critical Combinations Of Effective Tempera- 
ture And Exposure Tine: The upper dotted 
curve shows the mean physiological limit 
fors doing a moderate amount of work. Most 
people cannot tolerate longer exposures 
than those shown. The middle unbroken 

curve shows the limit for efficient per- 
formance. Points on or up to the line 

have produced reliable drops in efficiency 
rad doo ds 
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Mies rn an hour on a level floor. 

Under mormal conditions S54 of the blood flow is di- 
BEEEced to the skin surfaces, but during the heat adaptive 
process, the amount is increased to nearly 20$. A decrease 
in blood pressure results and less blood flows to other or- 
gans. To compensate, the heart rate increases to pump more 
Meee EL an insufficient amount still flows to the brain, 
heat exhaustion occurs as indicated by extreme fatique, nau- 
sea, and dizziness. Decreased performance results, due to a i 
Semrctency of good, steady oxygen supplied to the working 
muscles as a result of the decreased blood flow Ul). 

Figure 14 shows the effect of temperature and humidity on the 
muscle oxygen supply and Figure 15 illustrates how heat stress 
can effect work performance. It emphasizes how humidity coupled 
with temperature limits performance capability. In this ex- 
ample, 16 army soldiers with 20 lb backpacks marched at 3 mph 
meer 4 hours. 

There 1S a maximum amount of heat a body can lose even 
with maximum sweating. When the hypothalamus (or heat regula- 
meme part of the brain) becomes too hot, its heat regulating 
ability is stifled and sweating totally ceases. As a result, 
the internal heat production self-perpetuates so rapidly that 
at 107-110°F the dissipation of heat is no longer possible. 
Peet functions are disturbed and confusion, disorientation, 
Seearium and convulsions are likely to occur. Body temperature 


Buero ınue to rise rapidly, and death will occur if this 
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FIGURE 14 


Effect Of Very Hot (dry and humid), 
And Extremely Hot (dry and humid) 
Climates On Steady State 0, Consum- 
ption In Submaximal Fixed Work 

(DONE m/ mino 0) 
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FIGURE 15 


Relative Difficulty Of Performing A 
Marching Task Under Various Temperature 
I And Hemidity Conditions. The three 

| lines show the conditions under which 
the work was easy, difficult, and 
impossible, respectively (98). 
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EU tion remains unchecked by artificial medical means-this 
is heat stroke. 

A person exposed to hot weather for several weeks 
sweats progressively more and more profusely with time. At 
first, Sweat will be at the rate of 1.5 liters per hour; 
Euer 105 days, 2 times that amount; and within 6 weeks, about 
Bormes as much. Figure 16 graphically represents this in- 
crease. 

Umdenbredivssrhe most serious threat to man's wellbe= 
Enocunder conditions otf high temperatures is dehydration. 
Sweat losses are so high that compensation cannot be relied 
meen by drinking water alone. Therefore, the duration of 
Steady, hard, uninterrupted work should be limited with the 
additional stipulation that ample supplies of cool water be 
made available and consumed. Failure to replace water lost by 
Sweat can lead to serious dehydration in 3 to 4 hours (84). 
Dehydration not only reduces heat exchange by evaporation 
but also directly affects the plasma volume of the blood. 
Accompanying the increased heart rate resulting from lower 
blood volume is an increase in internal temperature verify- 
ing the inadequate heat exchange to the environment. Adolph 
(128) calls the resulting characteristics "dehydration ex- 


haustion" and symptoms include decreased work output, drowsi- 





DE ftauintness, breathing difficulty, dry mouth and restless- 
ness. 


In hot conditions, light and loose clothing permit 
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Acclimatization Of The Sweating 
Mechanism, Showing Progressive Increase 
In The Maximum Rate Of Sweating During 
The First Few Weeks Of Exposure To 
Tropical Weather (58). 
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evaporation and convection heat loss, while minimizing ab- 
merpcion of radiant energy from the sun. 

Figure 17 and tables 2 and 3 summarize the entire heat 
stress and disorder process and further provide recommended 


treatment and preventive measures that should be taken. 


a 
CUN 
y 


-. "s 







M — EU wor Hs 
da MN 

asa acigrwe »*3 ost omen’ i b están 

MUA AT SS LPORS 19/2 202. adi: 


si Bivona ar? TT 





" " v 


W VÀ dao Nas Cue lem 0" 


put] "Wy ^v Aq weabetg woa} paty Lpoy 


(TO) OJANOS, 


bu 3 23MS 
4k jo uot3essa? 
940435 31?9H À 
saJn3eJaduo | 
Apog 
Bursty 
A suols3] 
pasnpay 4 utas 
Burqeams TI 
padnpay UOLJIUNY 
pue) 199MS 








Burzeams 
ule4 eo pue $507] 7234 
ne VORNE aut 4 T PLE LIOS  — — — —P IALYPAOdPAJ 
30 3[(NSIY V Se : ot191do v 3u3Jn3 
SA9pJost(] 1e9H u013321 da 437V OS 
ranas 
puros 1?23H m 
uot32[dog FLPS 
S9111U2341X31 Ut 3[5Sny pue? utys X13Yd1L41I] 09 310) WOJ 


sdwesy yeay .POOLg 30 butpoog ul uoL ge LpOS PAS aj sues, 3e2aH 
pue A3111q89SU] 


PISPILJU] 
= 10] OWOSPA ccce M Ne 
IdOJUÁS 29H 


s34n3e43du3] ULAS pue uO01I39AUO) Aq 
Kpog deag Butsty— ———— —— i» ute9 3e2H peses4g2eg JO 
SSO] JP paseaudu] 
uoLtzeupAyodAy 431M 3913S tb64auAS— Lee meas 


211009338 $5343S 31?23H 





Sy30Y0SIO 1V3H ONV SSIYIS 1V3H 30 N91S3QO OIL1VW3H25 


54 





Te 


"poıuad 7534 

343 SULINp 133PM 10/pue autyes ayey 
*squauueb 

13430 40 SAasuafl 3AOUIA JO UISOO] 
$3u2u3qQ JOY 40 S||PM x2tJ4q 30u ptoAy 
. 'quouaAOu Jte 

ƏWOS JIM eaJue papeus *(002 ut ySoy 


*3j?3u Ápoq pa1e| 
-nun55e 3IPALSSIP 09 SPOLIIA ISIA IPLAOAA 


° SWJ} L 
L1e - Apiep bury20]1) ueald aptaoug 
*S]1NSIPIMS 

40 bButu3045 paztasqqna jo asn ptoAy 
'6utu30|5 ssoo»xa 

43310 pue 'sÁasJoaf 23|qnop *SIAIILS 
buoy, *s6uty907s 5uo| yo asn pioAy 
*6uidez pue buipped 39ALSSIIXA PLOAY 

; '6ututea3 j0 Butuutboq 
1? I414YS-] Pue SIJOYS ISN *SIAIDILS 
JUL *IS(PM “49394 Əy} Ye Gut} f 35001 
sı Pu} 6utyzold IYÉLIMIYBL| aptaoug 


suw1oytun pue 6uryzo1) 


ty 'sÁep [P13AaS 
j Tj619^ 3S0| 07 SINULJUOI OYM 
3)3]u3? pauotitpuoo [|[9^ 3*394] “q 
a  -Áep uoea JYDLOM DALSSII 
XC xI SƏSOL OYM 37a[yJe YeIuy “e 
"uo13133duo> 10 6uturesz 
13338 pue 34033 Aep yoea ybia4 


RODUCED AT GOVERNMENT E 


SDANOS 


l 


'G 


t 


'u 


+ 


' 


"3 


11481004 ATIVINDI LAVA 


'pooj jo buryjes abeuno9ua 
pue Sa3j|qe3 Bututea3 uo 3[?s aptAoug “E 
E “138 [A Aq 
PILLSIP SP 19]PM [PUOLILPpPe MOLLY `Z 
'pe4tsop yl JOAP|Y 
'Anoy-j(eu Asvaad 720 g uo Sa3nutu 
Gl Adana “ZO p-€£ 3ALÓ - 193em dez 
JO S34enb xis ut 3,es uoodsea3 ouo 
xiu Aqu6nog0g3 - aut(es pioo Ápddns ^| 
'1s0| 34e 
K3u1 Se S3SSO| I1PS pue 193em Ápoq ade day `J 
*pot13d 101397174411 99e ayy 
Sutinp Juaua9eıdau 137em pue 7195 
pue S[PAJ3Jut 3594 3Yenbape IPLAOIG `Z 
*sÁep ptunu 
40 30y Á|¡euuouqe 43470 pue 
-- shep OL 0} Z 15414 40) weub 
-Oud Bututesy payenpeub aptaoug *Q 
“Bbututesy uoseasaud 
40J SINONJOM JIYIPIM WIPM JO 
ÁJ3LAPA pue IA] pusumoyay “e 
-389y Əy} Ul 
AJOM Sadinbas j3eau 03 uot3?zij3eut[2Oy “1 
'AÁppenpe46 yeay 02 saqayyze IZLIPMLLIDY ^q 
'piunu 40 30u UayM 
BuLy30L3 Auessa9auun o3?UIUt|3  *q 
(suot 
-epuaun0o534 pou2?31? 3935) piu 
-ny JO YOY Jt AYLALYDE ISPILDIO `P 
*SUOLILPuO) [e 
-JUAIWUOSLAUI 07 |IA9| ÁJLA1IDO ASNCpy “2 
*Su01ss3S 3A1713I3duo) 10 6ututeJ3 6uI 
-anp pue 340j23q SIUAIWIANSPIWA axew  '[ 
"'Spi9tJ 6urAe¡d 10 33193P.4d 
Əy} uo ÁAitptunu pue a4n3eJ4adua3 asunseaw ^j 


ce d'IdHvi 


'" SOLZPALZIS Bututesy jeusuayg `q 
j?3u By. UL YAOM JO JUIIXJ “ke 
'u1uou SnotA^a4d 404 S3111 
-A1938 6uruje4z J0 uot3eanp pue adAj “| 
'U0t31puoo j[eo2tsÁAud ([e42uo6 o3?en[9e43 *g 
'$323J93p Je|no5SeA [eJo 
-udtaad pue Burjeams 3noqe Auinbuy “2 
"7234 343 ur Burzuley 
40 SISSIULLI IPIY SNOLADUd yO Auoysiy “1 
:3pN¡9U]  “u01L3euU1IWexa |e91Skyd 
pue Á403Stu [e2tpou 2332j[duo5 apt^OJd “Y 
Kanfut 3eau 40 uotquaAaAd 


"uol3eA3aL3 3ANIPAIA 

-u231 e sdo(93^2p ÁAq3uanbasqns pue uot32»f 
-Ul UOLJEZLUNUL US SIALIDIIU OYM 3I31YIY J 

"adueqinysip jeulysaqzuLouzseb 


40 *43AƏ} SUOLZDIAJUL UR YYLM JUO 6939/472 LLI °0 


"Ayıaedes sıy 
1e s932duo5 Á[i1ue3suoo OuM 3731499 aabeJ `) 


'uauauti 
36181 Aqaeqnot34ed ‘sypenpyatput yyBramsaag ^g 
"3?9U 
Əy} ul X404 03 pauojsnooeun sjenpti^tpu] “y 
Aant 


-Ul 3e39y 07 31QLIADISNS ysou sue OYM SIII1UIY 


"ue4604d 31331438 349 30 UOLSLALIANS 
4o0od saqzediput Aunfur yeay e@ yo aduauundsg `) 

*SJUAMUOALAVI PLWNy JO/pue 30y ug 

3390109 Á|[NISSIIINS 03 IPIY 07 PIZ1IPWL|I 
-3e Á|ybno10y] 3au033q 07 ÁJPSSIDIU St AU “Y 

*buriuieay yo sÁep 

M3) 35414 Sutanp a4no50 Aytpiwny pue 3e3y 
LEJUMWUOALAUI 07 SUOLIICIA ISAIAPP ISON “Y 
SupuJeM' | P13UM) 


-SITL3IHLV 3O 1200NOD NI SNOIIVH3QOISNOO Q031V134 ONY TVIN3HNOUIAN3 


"II 


"IH 


5:5 





56 


: $PO$13d 321) 1*3^5 2jf*nbaoe pur 
6v41002 1011192104 49) K1iunjaoddo apja044 
AyseynBas upys auyweny 
Papeys daa pue 34qQ4$5$0d ua3us uj xs 50 





s$3u1() 1094 yo Asoysyy 
ISPÍ 20 u04322)u4 yzy Syurdyagyurd U3345$ 
3u-u04£4Au23 03 $34344430* 1depy 
U0j43?7|)*wt[25* 22n$u| 


M — ———— a M —M— M À— 


. 


vogysneyra YRIY 10193 dap 
nem urn (skep 5-() Amots asan sdojaaag 


Dus 07) 


uwo|3*14 )*94422* 3un$su| 
31534 3j*nbope pue 6uy 00) 
wwrrIgmsajug 10) Ayyunzsoddo api A044 
Asessaczau aq few hep sad yes yo mb 
51 02 Of “42708 pur yes aVenbape apyaniy 





3524 3Jenbape pur 64400) 
YUI) M1] UY 20) Ayyunysoddo apjanuıg 
431*^ xjetnbopt Ppa 





PYOIYS YRay 02 sasodsspasg 
: JU 2) 


NT "E. 


SUOfIJPUOI) BLOM 
UJ 1303S 3yBsadn yo arueuaquiew ptoay 
pyenu 20 JIN) PIIG (Myummmasgaus 
$144 UIPPAS YI ya umsıbar yo yayyb y ] 
u04 3*7 4 )*71122* 3unsul| 


RNM 





E 


Guj pon uzyn 32uft*t yusig 
Siram JP YJ(PS PIIK? apyaoug 
Yoj} e73 emir a nsut 


u041U3A3Jd4 


RODUC CM 


doommosg 


q” 


(TZ) 


1u2eu04,4u3 (005 uj 3$2N 
uj43$ Kap put paptus uje)uj ey 


S43p4054p. ÄAsepuoyas Jrası 

saınyzruadum) Apoq dasp pur ufys yo puoras daay 

JUIMUOSJAUVI (005 ® uf YSar Pag 

$231nu|€ Qf K1242 2uj1twogdo40(45 ba oc 03 c2 ful 
K19$$223u yy Às0302u5*13 

mi0J13d pur Kemiye 8313 03 Jumsdınba vogyans as 
3(qei feat 5, 2542 Busyrow yy asugs poyoore 
ISN “"YIPQ 422)*^ 25, uj DPİ JO uP} Ife (002 210 
"(4,59$) 2 2c ( Ktads. 20 25942 pq00 q315 anou ( 

vU$u34^ (1,2001) 9 6 GC 03 aun3e22du2) Ápoq 12&0] 





34n3*40230u23 Ápoq pue 
33*1u| 3(*5 put 223^ *yubjam Lpog yo psoras daay 
3p3140|u2 40 wnjpoS wnJ2$ put eaun poo(q 
344503 *u9q “Jes asınd *aınssaud pooıq "Ayyaeıb 
344 422d5$ 10 Á) pIe jasso seupan yo psoras daay 
pooj pynb,q (w2$ jo $34343uenb (qews apia04g 
Prspedas sy Gupxujap 34 disp 
3uj[e$ $nou34*4)U, ÁQ 3|*$ pue spinij aoe[doy 
JUIMIOIFAUVI 009 uj 3533 pəg 


3an} easda} Apoq put *31P1U) 
3175 pur s33enm *Jybgam Kpoq ¿o podas dan 
poos pindi maS pO Sapqgquend (jews appanıg 
$ 421*^ (002 u34^ abuods 

hep sad 

113711 B 140 9 07 SPpMpJ aseaarut "pasyrda sy 
Bugyugup yf jap snouaaesqus hq Spyniy are yp day 
Juu pau? (00) Uf YSau pag 






aınyrıadsa) Apoq 
pu* 33*4 3$|nd *34ns$$34d pootq jo paooa1 daay 
6u$3s34 put SMOFISUOD JE SURES [P40 IPLAQAS 

3usmUOJ1AU3 1003 ul 353% 
Pray mot pur auıdns 23914 





tait Oy Buysaquaas asojaq sunoy gy 09 yz Le 20 
: pasn Spooy yırs 
Jumo jau? (00) UL 353y 
3uj(*$ JO vogyrayspunmper 1810 :23$*5 34541 
x auft®s (rajov yO 
1% 005 30 VOJIPIIS UIMP? SNOWIAPIYU) 






19330) a1aaas 








SIMP Ieas ¿O UOfI3NII$QQ 


utys AUDI 
us*J aeın>}S2aoınded snoyraayydı) 





ve32udÁqoe) pue eipae»Kuoe| 

pooiq yyım K(3u2nb34) PIGIAPEP pue buy) 1w0A 
sysomÄy>>2 pue spwued) Ayyods 

Pwo Pue saınzı3S 

$1u3u240€ qugy Aseyunjoaul 

Á34p15* |J. 24550 

peuol yess 


511449 dany Lew *(4,501) ) $ Op 4220 Kqquonbajj 


Saunjyesaduay Apog daap pu? ujxs payraa|3 
ujsx3$ Asp pue Sysoupsyue pazi| esauay 


UJIN pu? j*3A$ uj 3p4J0(u2 pue unıpos ^o] 
*|w31e5J2d0ÁQ pur juas 
ROA Puso pd 
AOU 3^q *'uj2304d wna2$ out 34402501 *w2u yb im 
adosuds 
SÁWPJI) 3135 
eaysseıp “Bugyymoa ‘easnen 
e yx asod4y 
3n643*j pur ssauyzzip ‘ayrepeay 


wusan PIFPIJUIO) 
Line 


Att equa pur PIFPULPIDOJUN “ayeposuo sip “PIDA 


-— 





? |xa40dÁA 

3544141 244552213 

yinow pue anbuor 4410 

wnıpos Pur ULIJOAÓ NIIS *9 44303] ubiu 
saınyesadkus)"Apoqg da3p pur ugyS p>jraal) 
$501 Jubıam 344$520x2 )nq 'Óuj3taas paonpay 


$3a1nj*434m23i Ápoq da»p put UfyS pa1*424] 
A adoouks 

Jot ted 

uO4$4A pauanig 

95uv*1du05 $nou34 pastaaoul 

uot $u330d 4 

30643:) put Ssouyeam 


fep-pje 
39739 Aypensn - uamopqr pur só; * sure 

uf.Smseds pue sdmvao '6u4053103 24050 
9p$40(u5 pur mnjpos wnua$ mo] 


S¡SOUD? |) pur saınyeaj (PI f$UuLL) 


WOLLNJA THd. CNN. DUO VTHI : SY 3040S t0 IVH 








uns 03 a1nsodıa 12340 
UyS PIJA A(YUPIUO) 





Jasuo uIPPAS yo aunyır, Koyeınbasuay] 








PIGAIPIP 10 buyyjaoa 
uof3* 743 *w1(22* 321enbaptut 
323*31Uf 3(0$ 23*nbapeu| 
buyyrams pañuo¡ 01d pur Lara 








PHILP JO vjanÁq o4 
ayru pings aiMbIprUL 
bujj3rams pabuo 01d pue Array 





v043253Jut 
v0jf3*7? 411094 (250* 21enbopeut 
uoj43* (f3u342 3d Á4 
*|xOdÁg (9020212) 


uo} 4030mOs*A JO $504 pu* Á34tiQe35u4 K10) 940244) 


poo1q Jo buj¡00d pur vOfJP|pposea pesaydysay 


33*1U, 3(*$ 21*nbopeu| 
6uj3rams pabuo¡01d pur Lara 


IPA UY YO PI 


asne) 







$u04$2] u| XS 


990435 
Wey 02 Guspeay 
*|x34Kdi12dÁ4 yeay 


UOfISNPYXJ 1034 
v0$12402g 11*$5 


v0f1sn*uX3 3PH 
uof1334102g 221*A 


adoduÁs 13H 


SÓLA) 13H 


238940510 


“tA 


“A 


“al 


nu 


“tH 





PRODUCED AT GOVERNMENT EXPENSE 
54% 


COLD 
emes CS donot agree whether or not a person can 

eee become fully acclimatized to cold temperatures (34). 

However, all agree that the most critical factor is the 

Euuacv ot protective clothing worn by the individual against 

p sharsh environmental cold. Clothing aids in preventing 

Bue sody from losing much of its internally generated heat 

ARA E rom gaining the cold from the external environment. 
Numerous other factors influence the person's Pes 

Ense to cold. These include the initial thermal state of 

Ebody, type and placement of the clothing, food consumed, 

psychological appraisals of the environmental conditions, 

Beay composition and peripheral insulation, ethnic back- 

ground, sex, type and level of awareness (asleep, drowsy, 

or awake), ingestion of alcohol, frequency of exposure, 

adapttion by chronic or repeated exposure, disease and ex- 


Mesure to high concentration of oxygen (21). 


Body mfat plays a significant role in maintaining 





body heat in cold environments but is less effective than 
Wroper clothing insulation. In obese individuals, adipose 

ASS ue isseen as the major natural buffer against the cold. 
Bean individuals, maximum insulation is primarily dependent 
SENG Vasoconstriction ot the skin and underlying muscle. 
Thus, the effective natural insulation for obese people may 


mace muchas 4 times that of the lean, making the latter 
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Aca cularly susceptible to rapid cooling hypothermia unless 
they are adequately insulated by clothing (21). Higher heat 
Brgauetion is required for lean subjects in colder environ- 
ments while obese subjects need only a small increase in 
Meat production. 

Meseconstrictioan of the skin involves the closing of 
the pores and tightening of the blood vessels. This prevents 
enezhuman “radiator” from dissipating its interior heat to 
ea outside, thus conserving it within. In addition, body 
Memes will "stand on end," naturally entrapping insulator 
air next to the body. Sweating will cease, as will evapora- 
ENG cooling. 

Brreetivelelothing must be worn in cold environments. 
The clothing entraps air next to the skin and cloth weave 
thus increasing the thickness of the "dead air zone" and 
Consequently decreasing the rate of heat loss by convection 
ERDNconduction. The effect of clothing is illustrated in 
mores 18 and 19. Figure 18 depicts the minimum amount of 
EN hing reguired of pilots as a function of temperature 
Ea time; Figure l9 illustrates the typical clothing re- 
quired as a function of temperature and level of physical 
ESEIVvitv. 

Normal daily clothing can decrease the rate of heat 
ies bY about half of that lost by the nude body. Heavy 
winter clothing is considerably more effective, however, it 


can be a disadvantage in that it tends to restrict movement 
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and dexterity;for example, thick gloves make hand manipulation 
aee difficult and reduce productivity. Also, the shedding 

Or donning of clothing when entering or leaving a cold en- 
vironment is time consuming. 

Meoteelothing is ineffective in the prevention of heat 
loss due to the lack of entrapped air when the water and 
ung material cling to the skin. Making matters worse, 
]uuse of the high conductivity of water, it actually in- 
creases (5 to 20 times) the rate of heat transmission from 
mmem body to the environment (58). Not only is it important 
that the clothing does not get wet from the exterior en- 
EMScnmental factors, but sweating in overly hot clothing 
prior to exposure to the the cold can be equally detrimental. 

Once one's body temperature falls below 94°F the 
ability of the hypothalamus to generate heat is impaired 
and completely ceases at 859r. Temperature regulation stops 
as the bodily cells become adversely affected by the cold. 
Sleepiness and coma most probably develop, which in turn, 
Minimize the central nervous system's ability to generate 
Hore additional heat. Heart failure and death can be expected 
pe body temperature of 75°F (2159 em 

Frostbite occurs when exposed body parts actually 
freeze due to extremely low temperatures. Ice crystals form 
in the tissues with subsequent ulcers which are slow to heal. 
NEUES most likely to occur first at the earlobes, followed 


by the fingers and toes. 
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Enc Sdiireeezting "resultes in permanent circulatory 
impairment as well as permanent damage to the tissue, result- 
ing in gangrene and ultimate loss. The frozen body part may 
be saved only if immediately thawed in water at a temperature 
less than 110°F. Frostbite is possible under less than severe 
Eondatrons as evidenced by the US Forces during the Korean 
War where frostbite resulted from 5-35°F air with winds at 
l-4 mph and relatively low humidity. In the majority of cases, 
the soldiers suffered from 7-12 hours of exposure with- wet - 
mamas and/or footware (50). 

As shown in figure 20, performance is detrimentally 
affected by cold environmental temperatures. For manual tasks, 
the effect of hand-skin temperature is critical to capability, 
dexterity, strength, numbness, and reaction time. Severe cold 
exposure effects manual performance, reduces skin surface 
sensation, affects muscular control, and reduces the mobility 
of the joints. Figure 21 shows how efficiency is effected 
in various tasks at various temperatures. McCormick (98) 
relates that in a test where 22 men lived in a room for 8-14 
days at a temperature of -20°F, they experienced deteriorat- 
ing manual performance, but mental and visual performance 
remained unaffected. 

In other experiments, knot tying performance was 
affected when hand-skin temperature was lowered to 55°F 
meee?) Performance on a task involving rotation of an 


object between the thumb and forefinger was impaired at a 
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The Average Deterioration In Various Manual 
Tasks Produced By A Fall In The Temperature 

Of The Hand. Efficiency is expressed as a 
percentage of the efficiency in ideal con- 
ditions. The unbroken line shows the diminished 
strength of handgrip measured with a hand ergo- 
meter. The broken line shows the reduced 
numbercororyeuenexagonal nuts threaded onto 
screws ina fixed time. The dotted line shows 
the reduced number of .2 inch screws screwed 
into a metal plate. The results are from six 
people (77) (124). 
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skin temperature of 68°F,and hand and grip strength was 
gradually reduced as the forearm muscle temperature was re- 
duced to 86°F (64) (87). Stang and Wiener (138) found in an 
experiment that, under cold water, divers were able to per- 
NEUSt 509F for 90 minutes, but a large decrement in perfor- 
mance was experienced. Grosser movements were less effected 
than were finer movements. 

The variable factors affecting the performance are 
the location of cold exposure, the level of exposure, the = 
rate of cooling, and the type of manual performance involved. 

mne application of auxiliary heat to the hands can 
eliminate or prevent performance decrement as told by Lockhart 
BENNKrless (64) (87) even though the hand-skin temperature re- 


mains below the critical 55?F temperature. 
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Tmrouehsvarıous Observations and laboratory tests, 
Ame point of maximum productivity occurs at about 75°F and 
Seseenumidity. Figure 22 is an isopleth which relates, in 
this case, mason productivity to temperature and relative 
humidity. The numbers within the oblong areas indicate per- 
centage of productivity when "normalized" by equating the 
wnest productivity rate (55%) and equating it to "1.00". 
The rectangular area is considered by ASHRAE to be the- : 
Nromtort zone". (54) (124). 

Of course, the "ideal" environmental effective temper- 
ature depends upon the culture, the person, and the task. 
Some workers involved in extremely rigorous tasks prefer to 
ELI in 50°F temperatures. Acclimatization appears to be a 
Mae tor as noted from the fact that the British generally 
peter cooler conditions than the Americans. 

Few, if any, people, however, enjoy working under the 


EBD rome conditions identified herein. 
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RECOMMENDATIONS 
HEAT 

(1) Lower the average hourly expenditure of energy 
EE Der by REDUCING THE RATE OF WORK or by keeping the rate of 
Eu constant but introducing PERIODIC REST PERIODS under 
See conditions. 

NAAA calce l imati zati on can be achieved within 


Ida ys, if there is a considerable workload, it is best to 


- 
- 


EUNLGODUCE THE WORKLOAD IN 2 STAGES. NIOSH recommends that the 
worker should begin with a 50% exposure to work in the heat 
@m the first day, to be increased by 10% daily. 

(3) Be aware that although acclimatization may last 
from two weeks to several months, some is lost over periods 
as short as a weekend, and a two week lack of exposure may 
again require a 4-7 day reacclimatization. JOB ASSIGNMENTS 
MOULD BE PLANNED ACCORDINGLY. 

(4) Because of the serious consequences of dehydra- 
mao, ENSURE THAT COOL WATER IS MADE AVAILABLE to the workers 
Pree NCOURAGE THEM TO DRINK FREQUENTLY. In addition, SALT 
TABLETS SHOULD BE MADE AVAILABLE, as acclimatization will not 
occur if salt intake is less than 5-6 grams per day. 

MIO RES Goring etouxtieown hot climates should un- 
dergo thorough PHYSICAL EXAMINATIONS. Illnesses adversely 
Beer a person's ability to acclimatize, particularly if 


dehydration is a normal symptom of those illnesses. 
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(6) CAUTION WELL-MOTIVATED WORKERS who tend to 
Brook the warning signs of over exertion in heat as this 
Sos lastic effort may cause them to literally work them- 
selves to death by heat stroke. 

TO ENCOURAGE COOD PHYSICAL CONDITIONING in the 
ekers. The likelihood of heat stroke is 34 times more 
likely in workers 40 lbs overweight than in workers 10 lbs 
overweight (109). 

(DIEENSEESCHERUEENGTEENNTOUES that will counteract 
the effects of weather: perform exterior work in spring and 
meme, perform interior work during the winter, and work in 
Shade or in breezy areas during the hot periods, and start 
summer work days in the early morning hours to avoid the hot 
Are rnoon sun. 

(9) Performance may sometimes be maintained in a 
hot climate at normal levels IF A WORKING INCENTIVE FOR THE 
MERCAN BE INCREASED (118) (119). Being mindful of heat 
Bere and stroke, the reader is cautioned that this is best 
Memesedentary or not highly physical exertion tasks. 

(10) If management desires to maintain production 
le the workers slow down on a hot day, use of TEMPORARY 
WORKERS should be considered to augment the workforce. 

(11) INFORM THE WORKERS about the proper drinking 
and salt supplementation practices, as well as how to recog- 
nize the symptoms of heat disorders and illnesses. 


(12) In some cases where workers are not required 
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remain On the job for the entire shift if they complete 
lr work early, they tend to rush in order to leave earlier, 
increasing their vulnerability for heat exhaustion or stroke. 
EN c result, THE TOTAL WORK SHOULD BE DISTRIBUTED EVENLY OVER 
INE NTIRE SHIFT, except that the most strenuous work should 
be performed early in the day when the temperature is still 
relatively cool. 

(13) POST WARNING SIGNS around jobsites where the 
environmental heat exceeds 86°F (Twp? - Do not allow work 
Sa nin the zone out of eyesight of fellow workers. Such 
spaces may include attic areas, crawl spaces, steam tunnels, 
storage tanks, etc. 

(14) SET STANDARDS FOR CLOTHING best suited to pro- 
tect the worker from hazardous environmental temperatures. 


COLD 





(1) PROVIDE ENCLOSURES OR WINDBREAKS for workers 
exposed to temperatures below Bol ud o vinds in excess of 
ioe mph . 

(2) ENSURE THAT WORKERS ARE AWARE OF THE EFFECTS 
OF SEVERE WORKING CONDITIONS and the types of clothing best 
Suited to provide the needed protection. 

(3) PRECLUDE WORKERS FROM HAVING TO WORK IN WET 
NEESUHING which is detrimental rather than beneficial in 
maintaining effective body heat. 

(4) PREVENT WORKERS FROM HAVING TO WORK IN OVERLY 


PERNSCTLOTAING prior to working in the cold, as this will have the 
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same effect as working in wet clothing. 

(SJ KEEP THE WORKERS ACTIVE IN PHYSICAL ACTIVITY 
meen tO help generate body heat and to o ide Lio take 
their minds from the extremely harsh conditions. 

(GIN Proviage allocation or means of AUXILIARY HEAT 
to warm body parts most susceptible to frostbite and per- 
formance degradation. 

IAS inn both not and cold, it is of utmost 
importance that both management and the workers seriously 
consider the overall effects of the extreme conditions, take 
decisive preventive measures to prevent injury or death, and 
to seriously consider possible alternate solutions to main- 


==" nng human productivity and efficiency without degradation 


of human safety. 
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3. THE DAY-NIGHT SLEEP CYCLE 
(SHIFTWORK) 
GENERAL 

The adoption of an 8 hour day and a 48 hour week was 
largely a post-WW I development, having been incorporated at 
the first convention of the International Labor Conference 
of 1919. The demand of the workers' movement for an 8 hour 
day was based on the idea that out of a 24 hour day, an in- 
dividual should dedicate 8 hours to work, 8 hours to recrea- 
tion, and 8 hours to sleep. The three-shift operation, al- 
Besuch not previously unheard of, is a product of the last 
65 years. 

Shiftwork is considered necessary for several reasons. 
Bally, it provides for round the clock services as in the 
cases of hospitals, fire departments, police departments, 
Power plant and transportation systems. Technologically, it 
provides for uninterrupted processes precluding product 
deterioration or destruction, as in steel or chemical pro- 
wn on. Economically, it provides for the most efficient 
use of facilities and equipment and allows for planned prepa- 
Mation for the next day's activities. 

Although not used as extensively as in other industries 
Pm semuy1 ces, shiftwork is used within the construction in- 


dustry for each of the reasons cited above. For example, . 


VT 
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Bvyening and night shifts may be required to perform highway 
work when traffic volume is low compared to the daytime 
volume when a conflict between the traffic and work effort 
moma Otherwise result. Technologically, shiftwork may be 
Buuurred tO assure an uninterrupted concrete pour or to take 
advantage of tides and currents. Economically, it may pre- 
clude the need for idle construction equipment or be a boom 
memescheduling by allowing the excavation of a trench ahead 

Of pipe emplacement, or the installation of rebars and forms 
BEER OT to pouring retaining walls. 

Functionally and materially, shiftwork appears to be 
an industrial blessing, as it makes the most effective use 
of time. Often overlooked, however, is the effect that shift- 
work has on the workers who are expected to een to the 
same levels and standardsduring the night hours as their 
daytime counterparts. 

Management must be aware of the actual benefits and 
detriments of shiftwork as they relate to human performanceg 
Ende the wellbeing of the worker. With proper planning and 
scheduling, production volume, employee motivation and morale, 
EUGty performance, job completion time, quality of workman- 
EE and, of course, costs and profits will turn out for 
the better. 

PERFORMANCE 
Te leffects of shiftwork onsindividuals are not uni- 


Aa Individual differences involving attitudes, patterns 
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ern living, and likes and dislikes result in differences in 

Sites and opinions about specific hours of work, duration 

e Vork shifts, preferred duties within the shifts and 

Me erns of living outside of the shift hours. Keeping that 
in mind, the possible effects of shiftwork are many and of 

Varying degrees. 

Before discussing these possible effects, it is ne- 
Ber, ro identify the "Circadian Cycle” or "Circadian 
EIU which mutually affects and is affected by shiftwork- 
EN great extent. The term is derived from Latin meaning 
"approximately one day" and is associated with the day/night 
cycle. It is the rhythm of man's internal physiological 
clock, determining sleep and wakefulness, and is a direct 
momt ot the rotating earth (64) (87). 

efe atan rhyenms are thought to be synchronized with 
Mer 24 hour period by periodic factors, or cues, in the en- 
vironment that are known as "zeitgebers" (from German mean- 
ED rime givers") such as the 24 hour light/dark cycle, 
knowledge of clock time, changes in environmental temperatures, 
and the everyday patterns of society (43). 

Por ene majority of- -animalsi the light-dark cycle is 
the most powerful zeitgeber. For humans, however, social cues 
and awareness of clock time are of prime importance (130) 
(4). Aschoff (4) describes an experiment where 12 subjects 
lived on a strict schedule of sleep and wakefulness. During 


Myemrrsst 4 days conditions were such that the subjects were 
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exposed to alternating light and dark while during the second 
4 days they were exposed to total darkness. Their circadian 
EuEHms during both situations were identical. If the light/ 
dark cycle were as powerful a zeitgeber for humans as it is 
animals, some significant change to the cycle would have 
been expected. As a result, Aschoff concluded that light is 
Geeeewatively unimportant influence on man's circadian rhythm 
and that social cues appear more significant. 


Nevertheless, light is still a most powerful zeitgeber 


Aman and many investigators cite specific problems which 
arise when the sleep-wake cycle becomes out of phase with the 
light-dark cycle. 

Umum the body are various other physiologic rhythms 
including temperature, sleep, excretory and heart rate. (See 
figure 23). When the zeitgeber is shifted, these physiologic 
rhythms either shift with it or become desynchronized, not 
EUN with it, but with each other. As a result, the tempera- 
mee rhythm, when out of phase with the light-dark cycle, 

E Orun according to a different schedule than the heart 
rate rhythm does. 

muere these cycles will not remain out of synchron- 
won indefinitely and within a short time ( to be discussed 
further) self-adjustments will be made to get back into phase 
with each other and to the new schedule. For that reason, 
changes in zeitgebers do not appear to adversely affect 


Lors who are assigned to a specific shift on a permanent 
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basis. 

In cence e o Ree Oal Shit workers, however, each 
internal cycle must adapt each time that the schedule changes, 
and usually, just as the readjustment is being made, the 
schedule is changed again. The repeated changes can be harm- 
ful, both physically and mentally to the worker. 

As of 1979 there appear to be only six known published 
studies showing how 24 hour real-life performance is related 


Besshiftwork (21) and none are associated with the construction 


- 
- 


industry. However, all six agree that there is generally a 
major impairment during the nightshift whether it involves 
Speed, accuracy, or accidents. Figure 24 illustrates these 
job performance variations over time for each of the six 
evaluations. 

Wojtczak-Jaroszowa and associates (156) reported 
EXP ISr results in 1978 when they found that, all things 
being equal, performance levels among glass cutters is lower 
Eug the nightshift than during both the morning and after- 
noon shifts. They further found that performance deteriorated 
as the shift progressed and that physical exercise had a 
Memsitderably favorable impact. With regards to the latter, 
when testing was preceded by light physical exercise, per- 
Bemmance actually improved, probably as a result of raising 
madavyidaual arousal. Conversely, the authors found that heavy 
work has an opposite effect, suggesting that there is an 


"optimal level of arousal". 
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mMer rener experimentation, Tasto (141) found that 
Motating shiftworkers experienced more physical maladies 
than did dayworkers. The shiftworkers became sick more fre- 
wency, used Jobsite health clinics more often and were 
prone to more accidents. In surveys and dispensary monitoring 
shiftworkers were found to experience more ingestion, leg 
and foot cramps, colds, chest pains, menstrual problems, 
nervousness/shakiness, alcohol consumption and fatigue. 

One of the greatest problems with shiftwork is its 
effect on sleep disturbance. Many workers have difficulty 
Sleeping during the day and getting their needed quotas of 
sleep. These might include noise from children or traffic, 
the need to keep daytime appointments or to participate in 
Social activities with family and friends. A person who has 
lost five or more hours of sleep is likely to be less effi- 
cient than normal, even if it had been lost over a period of 
successive days. Recovery after a full sleepless night takes 
enger than 24 hours. After 4 or more days without sleep, a 
person will have short lapses of being "out of touch" with 
the surroundings, may not be able to distinguish between 
real and fantasy, and there may be changes in personality 
8241). 

Peoplewco not sleep deeply all night. Poulton (124) 
describes the sleep pattern in this way: 


They start by descending rapidly into the 
deepest sleep, and after 1 hour begin sleep- 
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poc gHtly tor some 15 minutes before 

sleeping deeply again. Cycles of deeper 

followed by lighter sleep last on the 

average some 70-90 minutes, with the 

length of time in Gach deep sleep session 

decreasing as the night passes. 
In figure 25 the electroencephalographic (EEG) recordings, 
show brainwaves of individuals in each stage of sleep or 
wakefulness. Alpha waves occur during a state of wakefulness. 
Eunothe onset of light sleep, the rhythm changes into slower, 
larger waves. During medium sleep, spindles (short bursts) 
appear. Dreams appear during light and medium sleep I 
the deep sleep period, where electric waves show a higher 
frequency. A nightmare can cause bursts of more frequent 
and violent oscillations. Delta waves which show decreased 
frequency, are indicative of deep sleep (139). 

Sleep taken during the day shows the reverse of that 
BH during the normal nightly hours. As the daylight passes, 
the sleep proceeds from a very light sleep to a much deeper 
sleep. Thus, if the sleeping time is cut short for any reason, 
the individual is deprived of the proper quantity of deep 
sleep that is required. 

Maurice and Monteil (97) (130) have shown that 50% 
ethe population is accustomed to sleeping 7 to 8 hours on 
Mermal working days. When the evening shift ("swing shift") 
is worked this percentage drops to 40%. When the nightshift 


(graveyard shift") is worked the percentage drops to about 


Beer chermore, ıt has been noted that this percentage 
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Excited: 
Traore a ma yt wnes | desynchronized 


Relaxed | 

» A] alpha 
A EN e T 

Asleep 


INT spindles 


Deep sleep 


I delta 
| second 50 pv. 
ESPERES 


Characteristic Records Of A Person's 

Brain Waves Made By An Electroencephalo- 
gram (EEG). They have been arranged in order 
or prain activity from the very active at 
the top to deep sleep at the bottom. The 
nsaulcole upto therri ght ror edach record 
indicates the amplitude which represents 
eo vo les [he horizontal barat the 
bottom represents the duration of one 

secona. (117124). 
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mimes) tO about 15% on the day after completing a series of 
meme. days on the night shift. 

M ld dgebseditrermegreatiy-rin* their ability to adapt 
pene radical changes required of them in modifying the 
sleep-wake cycle. Some adapt very easily and readily, ac- 
E EUng the inversion both physiologically and psychologically. 
Others adapt very slowly or not at all. Generally "morning 


people" (those who are alert and active early in the day) have 
Dn shown to display the greatest difficulty in adapting to 
the shift system, and that "night people" (those who function 
Meee during the dark hours) have least difficulty in adapting 
to the rotational shift system. Also, of the three usual shift 
Dnwrods, the night shift (midnight to 8 A.M.) usually causes 
the most difficulties, and as it affects sleep, the evening 
shift (4 P.M. to midnight) has the least impact because a 
worker can get a full night's sleep by getting home soon 
meer Midnight and "sleeping in" late in the morning (135). 

Of all the various bodily cycles, performance is most 
clearly correlated with the temperature rhythm. Colquhoun 
and associates (29) in studying both rotating and permanent 
ehiftworkers found that body temperature is a predictor of 
performance efficiency. Performance is optimal when body 
temperature is high and minimal when the body temperature is 
low. 


Moure e Shows a hypothetical example of a perfect 
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Beay temperature phase shift. Here the normal oral temperature 
circadian rhythm (soliá line) is shown. If complete adjustment 
occurred as a result of a change in a shiftworker's sleep-wake 
cycle, the whole rhythm would be phase shifted to the posi- 
tion shown by the dotted line. Investigators have shown that 
such phasing occurs only after a considerable number of days 
Beene phased shift (43). 

Figure 27 illustrates how well the body temperature 
rhythm adjusted to a new shift cycle after a ten day period - 
pin dividuals working on the night shift. Additionally, the 
pel tormance on various tasks is also shown. Perfect adjustment 
would be represented by a value of 100. As can be seen, mental 
Aks adjusted more easily than did perceptual (visual search) 
and manual (dexterity) tasks (43). 

Tilley and associates (143) in other experimentation 
Euvolving rotational shift workers found that the rotation 
time of those on night shifts was impaired and deteriorated 

ENS a function of the number of days into the shift and the 
time on the task. The authors theorized that this deteriora- 
tion over time is a result of accumulated sleep deficit. 

Tasks which are monotonous or that require little 
activity are particularly susceptible to the effects of 
Sleep loss due to the worker's lower level of arousal. Memory 
is adversely affected by sleep loss as is the ability to 
maintain a train of thought. Additionally, workers become 


irritable and argumentive as a result of sleep loss. 
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ASsmeanmenct to a shift system not only affects a 
worker's sleep-wake pattern but also affects morale and mo- 
EM tron by possibly interfering with the social life and 
Eau crrpation in activities which take place while at work 
sen sleeping; by interfering with the obligatons to the 
my. particularly as spouse or parents, in being precluded 
From being available with loved ones at mutual times; by 
forcing workers to participate in situations they are not 
meme or (only about 30$ of workers like shiftwork) or LC 
ENSuculty adjusting to; or by causing other physiologic 
problems related to poorer eating habits (as indicated by 
the greater number of digestive disorders experienced by 
shiftworkers because of irregular meals and unbalanced diets) 
or physical exercise. 

Masaddıcr on, certain other health disorders which in 
themselves follow a ern rhythm can be worsened when 
Es vduals are subjected to rotational shift adjustments at 
a rapid rate. These include diabetes which requires timed 
insulin/glucose dosages; asthma, tuberculosis and heart disease 
which often show patterned traits; and epilepsy where seizures 
EE -rally follow a timed pattern of occurrence either during 
mime day or night. 

Snc cIPcadianvVrhythm will not be significantly 
disturbed by a single night shift. However, as a result Of 


Me me required for one's circadian and bodily functions 
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rhythms to adjust to the new sleep-wake cycle mandated. by 
a shiftwork assignment, it is generally believed that mana- 
gers are committing a gross error in scheduling rapidly chang- 
ic rotational shifts, particularly in performing manual 
EDS 3s are most likely required in the building trades. In- 
as cd, an individual's working efficiency can best be main- 
tained by either switching to a permanent shift basis or 
rotating no more frequently than once every 3 to 4 weeks. 
Figure 28 shows a definite advantage of working on a night ^ 
shift for as little as two weeks when compared to doing so 
for just one week. 

To be a top performer, a person needs to be both a- 
wake and accustomed to working at night. Poulton (124) 
states the ideal three-shift system for working a year in- 
EUves each worker working at night for a continuing 4 months. 
However, because of the dangers of accumulated sleep loss, 
during weekends and other times off from work, the worker 
must take care not to revert to sleeping at night and staying 
awake during the day. 

The level of performance on shiftwork, particularly 
wene night shift, depends on primarily three factors: (l) 
Noe demands of the task (Is it monotonous or stimulating? 
Metal or perceptual?), (2) the type of shift system (What 
Berne shift cycle? How much o£ an adjustment period is 


maere>), and (3) the workers" abilities to adjust their 
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The Average Body Temperature And Rate Of 
Work Or As Groupeor LO Young Enlisted Men 
During The First And Second weeks OF Night 
Duty. Results of the first week are given 
on the left. The unbroken line shows the 
average folie imepody stempemature during the 
8 hour work shift. The broken line shows 


the corresponding fall in the average number 


of simple addition sums completed in 48 
minutes...The results for the second week 
are given on the right. There was a smaller 
average fall in body temperature during the 
second week of the shift. There was a 
correspondingly smaller fall in the average 


ratet of work. JAMES” 
in speed in the second week as a result of 


practice 0299) 1242) 


performance had increased 
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dr nms to night work (Can their sleep patterns be adjusted? 
What is the home and social environment like?) 

Meu only sothegmerrcadranjcEhythm affected by shift- 
work, but other practices may also have an influence. One of 
these practices is that of overtime. Workers are frequently 
Ep 'red to work overtime in order to accomplish certain 
tasks. This added work could have an adverse impact on the 
Body cycles of workers. 


Lengthened work days are frequently used in the con- 


- - 
- 


dmnn tion trades. Worker productivity depends on the length 
of each overtime period and the frequency with which the 
periods are scheduled. Workers who are assigned 4 hours of 
overtime after working an 8 hour shift may be 100% effective 
during the entire period. However, if the same hours of over- 
time were repeated consistently over several days or weeks, 
Productivity could be expected to show a substantial de- 
crease. (See figure 29.) Melarlyzand Havers (106) report that 
a workweek of 6 ten-hour days will yield about the maximum 
Botal performance. This of course, does not provide the opti- 
meee production per unit time. In addition, they indicate that 
when doing non-repetitive tasks, the second shift will norm- 
EEUU nave 93$ of the first shift's productivity and the third 
Shift about 88%. The exception occurs at extremely hot 
climates where performance may improve during the cooler 


Mont hours. 
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FIGURE 29 
The Cumulative Effect Of Overtime 


Crime rOductavity For 50 And 60 Hour 
Work Weeks (63). 
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RECOMMENDATIONS 
eoneıdering allesar the presented factors which have a 

bearing on performance and productivity, the following re- 
commendations are made: 

(1) Shiftworkers should be in relatively GOOD PHYS- 
IDA CONDITION and should not suffer from illnesses or re- 
Ace medication which would be disrupted by rotating shifts. 

(2) Workers subject to DEPRESSION AND EMOTIONAL 
PeeeabEMS SHOULD CAREFULLY BE CONSIDERED before being assigned 
to shiftwork. Shiftwork assignments may place too great a 
stress on workers who might otherwise be able to cope with 
their emotional problems. 

(3) Management should SCHEDULE SHIFTS SO THAT THE 
AURR ERS HAVE AMPLE TIME FOR THEIR PSYSIOLOGIC RHYTHMS TO 
ADAPT to one schedule before having to adapt again to an- 
other. Thus, a worker should Spend at least 3 to 4 weeks 
on the same shift before being required to change again. 

(4) Management should ensure that shiftworkers 

Deae ZE THAT ACCUMULATION OF SLEEP DEFICIT OVER SEVERAL 
DAYS MAY BE A HEALTH RISK FACTOR and consequently should be 
avorded. 

(5) AVOID REPETITIVE, MONOTONOUS WORK during the 
late shifts, whenever possible. 

(Co ADE OUA TE RENGENT IVES mpseychotogically motivate 


Porkers to accept the undesired shiftwork more readily, af- 


ceting morale and ultimate output. 
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(7) Provide for REGULARLY SCHEDULED EATING PERIODS, 
amd if possible, availability of hot meals if desired by 
weers, in order to ensure the opportunity of having regular, 
balanced meals. 

Breduetivjity 1s a directe result of worker efficiency 
and the worker's ability to perform the task. Unless the 
worker is both physically and mentally prepared to take on 
Amer task, productivity will suffer. Although managers cannot 
dictate workers' daily lives and practices, they can take 
precautions to select personnel, tasks, and schedules most 
adaptable to performing the required work in the best and 


Most efficient manner possible. 





Nh Ly NM 
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Selo LSE 
GENERAL 

As early as 1884 it was observed that loud music caused 
Eonvulsions with epileptic patients due to the effect that 
ftemse has on the central nervous system (2). It was the advent 
of steam power during the Industrial Revolution that first 
ne general attention to noise as an occupational hazard 
MES Until the early 50's it was believed that continuous 
noise had no effect on human performance. However, since that 
time there have been indications that noise can adversely 
affect performance of workers when performing certain tasks 
pportucularly susceptible to distraction (14) (74) (124). 

What is "noise"? Andreyeva-Galanina and associates (2) 
define noise as "a complex of sounds, unfavorably affecting 
the human organism, ee: his work and rest." Hersh (65) 
HNeribes it a bit more directly:"Noise is any undesired or 
Bene ul sound." And McCormick (98) defines it as "that un- 
wanted sound which has no informational relationship to the 
moe or activity at hand." 

"Sound" is defined as "acoustic energy between 2 and 
Bo hertz (hz), the typical frequency limits of the ear" 
EM hertz is a unit of frequency equal to one cycle per 


End (eps). The ear is 10 million times more sensitive to 


Meet tones than to low ones. Sound is produced by the vibra- 


30 
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Ben ot bodies or air molecules and is transmitted by longi- 
tudinal wave motion. 
"Loudness" is the perceived magnitude of sound and is 
Nc tion of both intensity and frequency (159). Sound wave 
frequencies are normally grouped as follows: 
low frequency 300-400hz (Gurler running, 
non percussive 
machinery or 
sound heard 


Ero» sound 
Preofing) 


— - 
- 


middle frequency 400-1000hz (internal combus- 
tion engines, 
machine tools) 
high frequency 120910129 STD Mina Massing, 
warst iling: percus: 
sive units) 
The"decibel" (db) is the common unit for measuring 
sound intensity and represents the rate at which a sound 
passes through a unit area perpendicular to the direction of 
sound. Because of the e Des in sound intensities 
that the inner ear detects and sends by nerve pulses along 
nerve fibers to the brain centers, sound intensities are 
usually expressed in terms of the logarithm of their actual 
intensities. One decibel represents an actual increase in 
intensity of 1.26 times (98). Because of its logarithmic 
character, a noise level increase of lOdb is 10 times (1.26 
to the 1082 power) greater while a 20db increase is 100 times 


h 


a6 to the 20 power) greater. 


DNE SHNoral' effects or morsezare as complex and ill- 
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defined as noise itself. To this day researchers disagree 
over which noises are actually harmful and which, if any, may 
actually be beneficial to performance. Noise interferes with 
communication, rest, and attentiveness. Safety is affected 
by all three. All researchers are certain, however, that at 
specific levels of loudness over time, severe damage can be 
sustained by the ear, and to various other components of the 
human body as well. 

Despite the numerous unknowns still associated with -- 
Dice, it is certain that there are harmful effects...effects 
with which management should be concerned and against which 


preventive measures should be taken. 
SEC ECTS 


Neorıse, by itself, proDably does not bring about a 
degradation in human performance. However, wien it is coupled 
Wen other variables such as duration, worker sensitivity, 
direction, task boredom and start (startle effect), adverse 
effects on performance are probable, particularly on complex 
mental tasks involving skill and speed, high perceptual 
EM city, or constant attention to detail. 

Laboratory work has shown that: 

Any person exposed to a high noise level to 
Mamen Me is not accustomed will at first only 
Surfer amila dii comi ort, Dut after a time, he 
ai e subjected to Changes in mood. Emotional 
responses may become more extreme and it is not 


uncommon to 'fly off the handle' at the slight- 
Bate provocation (129): 
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Fatigue and lethargy are also common in noisy environments. 

Construction sites have numerous sources of noise. 
Heavy equipment such as bulldozers, backhoes, compressors, 
generators, concrete mixers and dump trucks maintain constant 
ELI of irritating and damaging noise. Blasting, pile 
driving and jack hammering warrant particular concern be- 
cause of the considerably high noise levels reached and the 
type of physiological damage their output, impulse noise, may 
have on the human body. E =: 

m oughout American industry, aneluding the construc- 
tion industry, noise-induced hearing loss is a major health 
problem. Noise surveys have identified a multitude of machines 
which generate harmful noise levels. Rotating and reciprocat- 
ing machines generate periodic sound while air moving equip- 
ment generates broadband random sounds. The highest noise 
levels are caused by components of gas flow systems that 
move at high speeds (steam pressure relief valves, fans) or 
Beeeimpacting Operations (riveting, jackhammering, road break- 
ing) (159). Estimates that the number of US workers exposed 
@emnazardous noise conditions are in excess of 6 million and 
may be as high as 16 million (27) (47). 

Tao o base dio a io. dally exposure and shows 
ET und intensitites at which there is cautionary or serious 
Ber resulting in the effect shown in column 1. For example, 
70 db represents a cautionary risk of hearing damage : expo- 


Sie between 70 db and 90 db entails some risk; and expo- 
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sure over 90 db represents a serious risk (65). High fre- 
quency normally produces more injury than lower frequency, 
while intensity and duration are given equal weight. 

The loudest noise that the human ear can tolerate is 
io 135-140 db. A jet engine at 75 feet produces a noise 
level of 140 db. Construction equipment usually ranges from 
Bro 110 db. See table 5. Figure 30 provides typical ranges 
of safe and dangerous exposures as a function of noise in- 
meMistty and duration. In the working environment, there is 
no indication of hearing damage at noise levels less than 
Moab over 8 hours. 

After a relatively short exposure to excessive noise, 
the worker may have a temporary loss of hearing known as 
Esse induced temporary threshhold shift" or NITTS. However, 
the individual's pre-exposure hearing capability is restored 
ESPtly after the noisgd ceases. NIPTS or "noise induced 
permanent threshhold shift" is irreversible and is 
caused by prolonged exposure. It is generally associated with 
the destruction of the inner ear's (cochlea) hair or sense 
cells (see figure 31) most often caused at high frequencies 
(maximum damage is sustained at about 4000 hz). Hearing loss 
EESnerally results from ignorance and neglect whereas blast 
Beafness is often accidental. The resulting "hearing im- 
pairment" is that level where the individual begins to ex- 


Perienmcerhearıng ditiiculties in everyday life (159). Figure 
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95 
Effect MODERATE level 
o risk (db) 
(1) (2) 
Hearing damage risk 70 
Speech interference 45 
Sleep interference 40 
Physiological Stress E 
Startle == 
Annoyance 40 
Task interference DS 
TABLE 4 


APPRECIABLE level 
of risk (db) 
(32) 


90 
60 
70 
20 
ELO 
60 
Ue 


- 


Noise Level Criteria For Impact Evaluation (65). 





Source ab 
mimic winder gro Una 17027309 
Automatic punch press 

at 3 feet OIO 
Jaw crusher 110 
Screw Machines, air 

drills 90-100 
Heg trucks atťt-20 f£ 90 
Automobiles at 20 ft 75 
Noisy office 70 
Average Office,noisy 

home 40- 60 
Conversational speech 

at 3 feet 60 
Very quiet home,whisper 

at 5 feet 20- 40 

TABLE 5 


Typical Noise Intensity Levels Of Various 


Sources (153). 
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Permissible Daily Exposure Times For A 
Person Without Ear Protection Exposed 
To Noise is measured by Noise Rating 
Numbers shown in the figure. AAN Se 
rating of 130 db, there is a danger of 
permanent ear damage after a Very short 
exposure of some seconds (94). 
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FIGURE 31 


SCHEMATIC OF THE EAR 


NN 


\ 
MN 
ON 
NN 

N 


a 


N 


NS N NN 
N 


ANATOMY OF THE EAR 





N 
N 








NN 
ANS N 
RN N 
Ways 
N 


NS 


NS 


NS 


x 
N 
SS 


N 
N 
N 


N 


x 


Mechanical schematic 


St the major parts ot 


\ N 
RN 


N 
NS NUN 


\ 
N NN 
NN CNN: SNR 
NUN N 

OWN 


NS 
NS N 
NN 


A. 


ERN 
INN 


NES 
M A 
N 






















































COCHLEA 


AUDITORY 


Simplified drawing 


E 





CROSS-SECTION OF THE EAR 


The eardrum 


of the ear. 


is a tough thin mem- 


brane that transmits 


SEMICIRCULAR 


| 
| 


| 


N 
E 


CANA 


he 


the external ear to E 


pressure changes BS 
middle ear bones or 


y 
IF 
i 
; 


The ossicles 


! are the smallest bones 


ossicles.: 


6 
if 


in the human body. 


OW 








EUSTACHIAN — 
TUBE 


CROSS-SECTION OF ThE GOGHEEA 


The cochlea is 
presented in magnified 


Ge 


VESTIBULI 


The sense 
about 30,000 


Seer Lone 
cells, 


Can transmit 


| 


in all, 


+ 


SCALA 
TYMPANI 


ES 


lon 


this informat 


| 
| 
| 
| 






the brain via the 
auditory nerves 


MEMBRANE 


Source. Gs.) 






BRANCHES OF THE 


AUDITORY NERVE 





TODUCED AT GOVERNMENT EXPENSE 


293 


DE lustrates hearing loss by miners as a function of the 
number of years of noise exposure at various frequencies. 

SEUA O amo SiS 000 construction workers in 
Sweden showed that about 7$ suffered from serious hearing 
Pero probably induced by noise. Particularly high numbers 
were found among rockblasters, sheetmetal workers and carpen- 
ters. Tool repair workers, heavy equipment operators, and 
Seierete workers also exhibited a high rate of hearing loss 
(51) (147). In the Federal Republic of Germany, noise in- = 
duced hearing loss was most frequently found among heavy 
Sons truction equipment operators and crane operators (51) (38). 
Hearing loss may comprise of up to one half of all occupational 
Peseases in construction workers claiming compensation (51) 
Sr). 

There is evidence that noise causes other substantial 
physiological damage to the bodyaınzadadrteion to hearing im- 
pairment. Prolonged exposure to high noise can cause a per- 
sistent increase in blood pressure as well as a constriction 
of blood vessels located in the peripheral regions of the 
Body such as fingers, toes and earlobes (154) (83) (52). 

This vasoconstriction may eventually lead to heart disease. 
Steelworkers exposed to a noise level of 95 db, particularly, 
have been found to have high incidents of heart rate irregu- 
Ersties (154) (73) (52) (27). 
Too much noise can result in "noise sickness". In 
ENNGexamining workers subjected to excessive noise, inVestigators 


- 


Buna numerous complaints of irritation, headaches, memory 
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Hearıny Loss, (dB)} 
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Frequency (H2) 


FIGURE 32 


Hearing Loss As A Function Of Number Of 
Years Of Noise Exposure. Mean audiograms for 
203 miners, best ear tested (159). 


a 
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failure, drowsiness, increased fatigue, and sexual impotence 
Mme nh increased with time on the job (2) (52) (27). With 
high frequency noise of an intensity of 140-150 db, pain was 
noted in the eyes and ears. 

Noise intensity appears to be the most influential 
factor. When it is increased, there is an increase in the 
meeaguency of complaints, particularly-~of general irritabilty. 
Pulse noises, as opposed to stable ones, raise more negative 
Bemelaints. Other effects include changes in breathing pattern, 
more rapid pulse, sweating and muscle tension. Figures 33 and 
34 show changes in heart and respiratory rates under the in- 
Mence of noise. 

In a 1961 experiment subjects were exposed to noise 
mene 1600-2000 hz frequency with intensities of 80, 70 and 
60 db. After the 80 db intensity exposure the subjects' 
Berength was found to be reduced by 25% of the original value, 
fatigue increased by 11% and the amount of work performed after 
the noise exposure was significantly decreased (2). 

Noise also affects vision. Noise at a frequency of 800- 
OOO" hz of medium to great loudness reduces the light sensiti- 
EN of the retina. For example, the noise of an airplane en- 
ANS CII5 db) reduces the sensitivity of scotopic vision 
EN UU sion in dim light) by 20% when compared to vision dur- 
meeen ence. The stronger the noise intensity, the lower the 


ay of Clear vision, and consequently, decreased work 


Productivity (2). 
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Mts nero Lse Paulino rom 9>5 Eo 120 db may disturb 
the sense of balance if there is unequal stimulation of both 
ears. Sound signals of excessive force can cause "overstress" 
and "breakdown". Certain noises, particularly, impulse ones, 
may cause a startle reflex even at a low level. This occurs 
in order to prepare for action in the event of a dangerous 
situation signalled by the sound. The reflex action may be 


accompanied by a fright reaction, where effects to the cir- 


-— - 


culatory system become more pronounced (111) (159). 

Sleep interference is another product of noise, being 
affected by it in two ways: firstly, noise delays the onset 
of sleep, and secondly, it causes a shift in the usual sleep 
stages. Reports show that levels of 40 db may wake as much 
as 25% of the sleeping population, 45 db may keep 20% from 
immediately falling asleep, 70 db may wake more than 50% of 
the population while E less than 50% would be kept from 
Nito asleep in 70 db noise (65) (154). By disrupting sleep, 
noise interferes with the normal recuperative processes of 
embody and could conceivably lessen the body's resistance 
to disease or physical stress. Alertness is reduced, with 
consequential impaired performance. Interestingly, under certan 
conditions to be discussed, the effects of noise may actually 
be beneficial to sleep loss. 


Esei mates are that 34,000,000 people suffer a total 


Of several hundred hours of speech interference yearly as a 
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ES-ULt of construction nojse bn the United States. The degree 
of conversation depends on how well speech can be heard over 
background noise. The relative intensity is usually expressed 
Memene "signal to noise ratio". Figure 35 shows the comfor- 
table level that two workers can speak to one another. Under 
these conditions, about 75% of the isolated words can be 
Beard correctly. The figure shows that with background noise 
eo db, two workers would have to stand = foot apart to be 
eerd. If given the option, it is better to move closer and 
talk with a more normal voice because voice distortion when 
shouting offsets the advantage of increased intensity (124). 
For normal conversation, background noise should be less than 
45 db. Even more stringent noise control measures are re- 
quired when communicating by phone or radio due to the lack 
of seeing the speaker (particularly lip movement) and be- 
Cause noise, itself, ig also transmitted over the equipment, 
i.e. speaking into a telephone should be louder than when 
conversing in person with the same background noise. 

The lessened degree of sommunication resulting from 
noise interference also affects safety. Danger signals are 
less audible and warning shouts are all too often never 
heard. Workers become less efficient, less alert, and more 
careless. Even when a particular word is masked, the word 
E -curence in which it is a part may be sufficient to con- 
vey the meaning. However, the energy and effort required to 


be more attentive and interpret the sounds induce more fati- 
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SPEECH INTERFERENCE LEVEL IN db 


BE—— 29 5735 V 


DISTANCE IN FEET BETWEEN 
TALKER & LISTENER (Log. scale) | 


FIGURE 35 


Speech Interference Levels Which Permit 
Talkers At Various Distances To Speak To 
Fach Other With Only Su gh cep Eget 
Points below a line corresponding to the 
loudness of the voice are acceptable. 
Points above the line are not (113)(124). 
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nucon the listener. See figure 36 which associates sound 
NUPensity,., communicating distance and degree of intelligi- 
Berry. Figures 37 A & B illustrate speech intelligibility 
actor of signal to noise ratio. 

The value of 40 db is an estimate of the level of noise 
required to initiate annoyance, however, the nature of the 
sound as well as the idiosyncracies of the receiver dictate 
where the annoyance threshold actually lies. Annoyance ap- 
pears to grow with increasing intensity, loudness and higher 
frequency. See table 6 which illustrates the degradation of 
Are ntion as a factor of intensity and time. The working 
ema City is most sharply altered after the initial activation 
ethe noise. Later, as the noise continues, concentration 
ENS ttention increases. Any reduction of attention is dan- 
gerous in dynamic work situations as in the case of many 
zopstruction operations. 

Although they generally cause less deafness and speech 
interference, sounds which are intermittent or randomly oc- 
curing are often considered more annoying than steady, contin- 
uous, Or unchanging noises. This is because each time the 
noise occurs, the worker's mind momentarily wanders. Likewise, 
EE nd which is moving, rather than fixed in a single loca- 
MSN 1s considered the more annoying of the two situations. 
Enacteristics of annoying noise are speech masking, de- 
Euvation of sleep or relaxation, distraction, and startle. 


Pememsounds are particularly annoying to an individual such 
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versation Is Considered To B 
Intelligible In Steady Noise (159). 
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NUMBER OF POSSIBLE MESSAGES SIGNAL TO NOISE RATIO - db 


FIGURE 7 


Sound Perception: Speech Pmtellto 1 bil acy 


(Ar As the number of messages (standard, 
two syllable words) inereases from 2 to 
64, the % of correct reports about the 
messages drops. The relationship is poorer 
“hen the signal to noise matio is lower. 


(B) Single numbers (digits) are detected 
correctly more easily than are words and 
sentences, and words in sentences are 
detected correctly more ea ete hice Te nF) = 
sense syllables (93) (ister ez). 
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seratching on a blackboard, or where a childhood encounter 
DN-ause a particular sound to psychologically affect the 
Eudrvridual resulting in uneasiness, discomfort, sweat, rapid 
Pulse, and muscle tension. 

Deehas Deen Interred that noise is responsible for 
many needless industrial accidents due to its effect on 
startle, attentiveness, annoyance and ability to hear warn- 
Engs or directions. As a result of the potential dangers 
caused by noise, in 1970 the Occupational Safety and Health - 
DE as enacted, stipulating that for an 8 hour work day, a 
worker may not be exposed to more than 90 db. Table 7 sum- 
marizes the permissible noise exposures that the act allows. 
Enmortunately, there are few, if any, known studies, particu- 
larly nsehesconstruetion industry, which associate accidents 
and “near misses" to noise. Such a study is recommended for 
future research. 

The effect of noise on performance has been studied 
Amara ly in laboratories rather than in real life situations. 
Mmewever, there are indications that under certain circum- 
Stances, excessive noise can be beneficial to the worker. 
Some experiments have demonstrated that intense noise may 
actually improve performance in persons who have been without 
sleep and are tired, even when they are performing a task 
Bhat would be highly affected by noise if sleep had been 


normal (31) (152) (159). Woodhead (158) (159) demonstrated 


mietemeGaee "adversely affects memorization/problem solving 
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@eeupational Safety AmdeHealth Act Of 
1970 Permissible Noise Exposures o) 
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combination tasks, yet when noise is introduced during the 
calculation phase, performance actually improved. Studies 
Pdo ckey (67) (159) showed that at times, the introduction 
of noise during high priority performance helped, while dur- 
Below priority performance, it hindered. Bryan and Colyer 
meee (159) reported that under noisy conditions, people with 
high intelligence showed a decrease in mental task performance 
whereas the performance of those with average intelligence 
Aia ly improved. Broadbent (159) (15) found that when in- 
w duals perform monotonous activities, noise is likely to 
reduce the accuracy rather than the quantity of work per- 
formed, and that noise, in general, increases human error 
o) . 

Errors n industry mean spolleazyorkzandar higher costs. 
Besadbent and Little (16) found that by applying accoustical 
meeatment to an industrial setting, noise was reduced from 
100 to 90 db. After 6 weeks they found a significant re- 
merci on in waste and operator errors, but no effect on worker 
SmEput. 

mune oe. SUMMaArlzes he principal harmful effects of 
Momise On man as it effects hearing ability, conversation 
abi lity, and work interference. These are despite man's 
mental noise filter which, according to Broadbent (15) (159), 
Maturally screens out useless information such as noise. The 
Baur: nowever, has the following limitations: 


Over a pertod of seimes t tends to reject or 
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PIGURE 38 


The Principal Harmful Effects Of Prolonged 
Noise Upon Man. The top right nand part of the 
Eures ses eragesshewsilmaustrial deafness 
tends to start at a frequency of about 5000 hz 
and gradually spreads up and down the 
frequency spectrum (124). 
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ignore unchanging signals regardless of importance. 
Un NNIe roberto discriminate may be 
Dendered depeneımesonsthe worker's state of arousal, 
stress, or fatigue., 

(C) The filter can be overridden by irrelevant 
stimuli which demand attention because of novelty, 
Mons MnbpSeuhetis t (such as the start of 


an unexpected noise), and so forth. 
RECOMMENDATIONS 


It may be assumed that no matter how hard an indivi- 
dual tries to ignore, concentrate on, or otherwise be af- 
fected by noise, noise will affect the way a worker does 
things, for better or for worse. Because of the undesired 
effects of noise, however, additional outside intervention 
by management is — P and the following recommendations 
are made: 

(1) SELE POLICING ©F NOISE LEVELS is required and 
should consist of periodic weekly testing with noise monitor- 
ing equipment as well as when added noise sources are started 
and stopped. 

(2 eGo nstaseremonncaqudpememe sis soften poorly silenced 
Andina lintained, and operations are frequently done with little 


or no regard for environmental noise considerations. NOISE 


OOU DABE ISOLATED BY LIMITING THE NUMBER OF SOURCES, BY PHYS- 
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INE PU SEPARATING THE NOISE SOURCE FROM THE PEOPLE through 
barriers and insulation, and by CHANGING WORK METHODS to 
include a reduction in the number of hours of exposure, edu- 
Saeton of workers, and use of ear protection. Tables 8 and 9 
menu now noise can be reduced by performing some simple control 
techniques on various construction noise sources. 

(3) RESEARCH INTO LOW NOISE EMISSION PRODUCTS SHOULD : 
BE ENCOURAGED as well as information to owners and users on 
current availability and the benefits those products achieve. 

(4) CONSIDER USE OF QUIETER EQUIPMENT. For example, 
Conventional piledrivers create 100 db of noise as the hammer 
Strikes the pile. Consider the use of vibratory pile drivers 
which are barely audible except for the sound of the equipment's 
gasoline engines (65). Use of exhaust mufflers, intake silencers, 
and enclosures on existing equipment will also result in reduced 
noise. i 

(5) When working inside, some low intensity BACKGROUND 
MUSIC is advisable as a source of arousal for the worker. 

Geum ENCOURAGe INDUSTRIAL STANDARDS ENFORCEMENT FOR 
NOISE EMISSIONS. Such enforcement would encourage continued 
research and development of quiet equipment. 

(7) Ensure workers receive PROPER TRAINING on the 
effects of noise emissions, and ENFORCE REGULATIONS mandating 
hat they properly use effective noise protection. 

(t Gencrationson enemse winesimevitable, inter- 


mittent noise exposure is less damaging to hearing than is 
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Exhaust Muffler 


Ben AAA 
| Probable noise 


Contro! reduction, in | 
Source techniques dbA | 
1 
(1) (2) (3) 
Engine | 
Exhaust | Improved muffler 10 
Casing Improved design of block 2 
Enclosure 10 
Fan (cool.ng) Redesign 5 
Silencers. ducts, and 
| mufflers | 5 
Intake Silencers | 5 
Transmission Redesign, new materials | l 
Enclosure | 7 
Hydraulics | Redesign, new materiais | 7 
| Enclosure | 10 
i 
i 


Tool-work Enclosure a | 
===. A nn 
ae KK, 





TABLE 8 


Neowse Control orn sconstruction Equipment (76). 


PAB LE 2 


Representitive Levels Of Noise Generated 


By CONS be bie ie Seuss me me 


CONVENTIONAL PILE DRIVING 
(impact of hammer on pile) 

EEESRATORY PILE DRIVING 
(vibrations at resonance) 


LARGE PNEUMATIC TOOLS 
(high pressure exhaust and 
impact against work) 
(using muffler) 
(using barrier) 


PAND HELD PNEUMATIC TOOLS 
(exhaust & impact) 
msing muli ler) 


EARTH MOVING EQUIPMENT* 

MATERIAL HANDLING EQUIPMENT* 

STATIONARY EQUIPMENT/PUMPS,GENS. 
*see table 8 for potential 


wo) 


Oc DIO Sut: 


barely audible 


DUE MO UNIS MG SD E 
INC DIE reduc loLn 
S=10 do reduction 


84. -~ 88 db @ -50 ft 
Sap reduction 


VES EEN do e 5SozrE 

Vee oO O FEE 

NDA SO db 07507 FE 
reductions 
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eontinuous exposure. ROTATING WORKERS in and out of continuous 
noise situations is encouraged. 

MIER ert ti NG HEARING PROTECTORS may re- 
Ace nolse by as much as 35 db without depriving the worker 
of useful communication. Workers can use ear protection 
Bar to that used by airport workers which filter out 
some frequencies and not others. 

(10) PRE-EMPLOYMENT AND SUBSEQUENT AUDIOGRAMS 
SHOULD BE PERFORMED to establish a record of any additional 
hearing losses incurred so that corrective action may be 
taken. Since hearing loss is often permanent, immediate steps 
should be taken to prevent further deterioration when hearing 
loss is noted. 

GUI PROV LDPE ACOUSTICAL TREATMENT to the interiors 
of shops, garages and other applicable work areas to reduce 
noise intensities. 

(12) RESEARCH IS ENCOURAGED on trends among 
equipment noise output, types and locations of projects 
emitting noise, characteristics of noise-exposed workers, 
knowledge of workers on noise and comparisons between noisy 
and improved work situations. 

It has been demonstrated that noise affects workers' 
Mealtn, their well-being, and their performance. It is 
something too often overlooked by workers and management 
ea ken. tor granted, or not taken seriously. It is 


mertan to all concerned that noise control be Sffectively 
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enforced. Long term savings should more than offset any initial 


efec tting or implementation costs. 
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7. VIBRATION 
GENERAL 

Vibrations are another aspect of the occupational en- 
vironment that merits investigation. Approximately 6,800,000 
American workers are exposed to whole body vibration. Of these, 
some 500,000 are heavy equipment operators, 1,000,000 are truck 
drivers, 2,800,000 operate farm vehicles, and 51,000 ame Suomi 
bus drivers. Another 1,200,000 workers are exposed to hand-arm 
ac cmented) vibration (151). 

w oanad and Irving (5601419) admit it is difficultaEo 
wande a strict scientific definition of "vibration" but offer 
the following: 

a fluctuating, mechanical disturbance, periodic 

or transient, which the human body perceives 

by the senses other than hearing. More simply, 

vibration is felt rather than heard... 
Mon (124) states that "vibration differs from sound in that 
maps EGansmitted through solid structures which are in contact 
Ben each other. Sound is carried by the air." Helander (63) 
describes it as: 

uolon (oscillating: reecelrrocating, or other- 

aise nn ethat forces a Dody or medium out of a 

eo tien or Stea eari IE generally 

Mommeasured in the terms o frequency (cycles 

Herce condon aa e ve d ocity.. -and 

acceleration. 

Ao Uy ipration is frequently and unintentionally 


self-induced during the physical activity such as running, 
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walking and swimming, it is usually regarded as an externally 
applied stress. External vibrations have impacted on man's 
well-being from the days when he first rode atop animals' 
backs and invented the wheel. Vibration concerns have con- 
tinued into the Space Age as evidenced by human factors en- 
gineers who continually study vibrations induced by the space 


Shuttle and modern land transportation and industrial equip- 


ment. 

There are three basic types of human exposure to " 
Euration: (1) vibrations transmitted simultaneously to the 
Mile body surface or to substantial parts of it; (2) vibra- 


tions submitted to the whole body through supporting surfaces 
such as feet (when standing) or buttocks (when sitting); and 
Mee those vibrations (known segmental vıbratıon) applied to 
a specific part of the body such as arm.or head. 

Human experiments in vibration are inherently dangerous. 
Most laboratory stuđies start with purposely low levels of 
merece, which are increased only to the point of intolerance as 
controlled by the subjects. The use of experimental animals 
in place of humans has been fcund to be of limited value, as 
many can tolerate vibrations to a greater extent then humans 
Aras capability is probably due to the difference in 
atr e ment of limbs, difference in body size, difference in 
ERroanssuspension, and so forth. One exception is that black 
bears have been used in ejection seat studies, as bears come 


close to approximating the size and the body mass distribution 
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aman (150). 

muecilvyiduabkemeannot tolerate seme kinds of vibration 
Meee long periods of time without real danger to their health 
and well-being and without adversely affecting their overall 
performance. As stated A construction workers are 
ene of the largest groups exposed to vibrations by virtue of 
the equipment they operate, tools they use, and the environ- 
Meme in which they work. There is a dearth of study on vibra- 
tions and a subsequent lack of information and training im- 
pan ced to those within the construction trades. It is there- 
fore important that mangement learn and realize, from what 
little research has been conducted, the detrimental effects 
that vibrations may have on workers, and consequently, on 


Mel project. 


DP ECTS 

Sia Der) 32) repemreduamea 240 that army offi- 
eers who rode for prolonged periods “in jeeps over rough roads 
developed severe lower back pains causing retirement from 
Sete ice with substantial diagnosis of intervertebral disc 
EDS. or rupture." In 1950, Fishbein (41) (132) reported 
some 45 disorders considered to be caused or aggravated by 
Wibration and vehicle jolts. Weaver (149) dubs vibration as 
"one of the most stressful environmental agents which man 
encounters." Poulton (124) warns that high frequency vibrations 


at high amplitude will kill laboratory animals and produce 
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severe pain and internal bleeding in humans. Yet, some vi- 
mations are considered to be pleasant and relaxing, and in 
memes Cases, are featured by major hotels as an extra incentive 
MS tay at the facility. 

Figure 39 depicts the human body a system of masses, 
springs, and dampers. As the entire body is meant to vibrate, 
Miemeendency if for all of the various parts not to vibrate 
in unison (98). A wide range of vibration frequencies excites 
Aeus parts of the body to varying degrees. Thus, the 5 
buttocks may be the principal course of reaction to one fre- 
HEency of motion and the thorax to another (45). 

Figure 40 shows the effects of a subject vibrating 
poule standing on a vibrating platform. The human body reson- 
ates (l.e. setting in concert with externally generated vi- 
ations, actually amplifying the resultant vibrations) 
vertically at frequencies between 3 and 6 hz (124). The heart 
is believed to have a natural resonant frequency of 7 hz (60). 
The upper torso generally resonates at 5 hz, the head-shoulder 
system resonates in the 20-30 hz range, and the eyeballs in 
the 60-80 hz range (71) (25). The brain 1s suspended in fluid 
in a rigid skull and also has a resonant frequency at which 
NEN S sensitive to vibration. Sensory nerve fibers of the 
body may also affect the brain as they become stimulated by 
the outside vibrations. 

Agure 4l illustrates that the resonant frequency of 


w body for a horizontal vibration lies between l and 
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HEAD 


UPPER TORSO 


ARM-SHOULDER 


SYSTEM | 
THORAX-ABDOMEN SYSTEM 


(SIMPLIFIED) 


STIEFFELASTICIHTY 
OF SPINAL COLUMN 


HIPS 


FORCE APPLIED TO 
SITTING SUBJECT 


LEGS 


FORCE APPLIED TO 
| STANDING SUBJECT 


ae, 9 


The Human Body As A System Of Masses, 
Springs, And Dampers 20) 9) (150). 
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FIGURE 40 


The Amplitude Of Verticali vibration orf 
Various Parts Of The Body Of 1 Man 

Strand ng On A Table Ibrat Vertically. 
The amplitude is expressed as a ratio of 
the amplitude of the part of the body to 
the amplitude of vibration of Ene table. 
Ace hz the amplitude folivibratlion of the 
head is larger than the amplitude of 
vibration of the table. The shoulder and 
hip vibrate even more at this frequency. 
Bent legs absorb most of the vibration 


(49) (124). 
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The Amplitude Of Horizontal Vibration 
SOr VaerlLoOouscerarts» OLN The w Body FOr I Man 

(AS Eta And einer cameingmon A Table 

bracing Horizontal LAIN Rie Direction 

Shown. Amplitude is expressed as a ratio 

öl the amplitude of the part of the 

boay to thesampirtudecorovmmbratlon.- ot 

the table. At 2 hz the amplitude of 

vibration of the head is greater than the 

ampui tudelof vibration ors Eehe table 

when the subject is seated. The legs 

of a standing person reduce the ampli- 

tude of vibration oiris body anda head 

to about 175 orzlessz 37 che amplitude 

Oe Vibratlonwot, Ehemtabtlem(49) (124). 
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3 hz (the horizontal resonance of the body). Most hand tools 
s r2te at frquencies of 40 to 50 hz. At these frequencies, 
E ampiritude of vibration is reduced to about .01% of the 
meme cc frequency by the time it reaches the head. The arm 
ao me reduces it to about I$ with additional reduction in the 
shoulders and neck (49) (124). 
The vibratory “dose” that a worker receives depends on 
Sl) : 
(a) The worker orientation and degree of body LE 
tact with the Source; 
(DA vailab leir iltei namb, clothing, cushions, 
tires, etc.; 
Icy Demas ine soldeces (2 engines, 
eC); 
(a) Vehicle speed and terrain; 
(e) Worker age, mass and job exposure. 
med iriseceussing vibrateorgserreets on humans, it is common 
to refer to the standard X,Y,Z coordinate system as shown in 
figure 42. With the heart being at the origin, the x-axis 
passes from the back to the chest, the y-axis transverses 
Brom the right to left side, and the z-axis passes from the 
meee (or buttocks) through the head (72) (149). The z axis 
appears to be the most significant one in terms of effect on 
pne body. 
ERE IUMSorsdalwvubratuioneswecemsmald$vyv uncomfortable above 


Poe. refers to acceleration or the rate at which the 
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| 
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a. 


FIGURE 42 


I 
1 


| 


Directions Of Co-ordinace System For 
Mechanical Vveratlonsmintluencing 


Humans (72) (149V. 
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usocrty Or vibratory motion changes direction). Sinusoidal 
DEN ration is painful at 1 g and injurious to the body above 
2 q 1f maintained for longer that a few cycles. Chest pain 
Mo ceur at 5 hz and balance and the ability to sit erect 
will be impaired, resulting in physical fatigue. Even very 
low frequencies will have some effect: vibration at 1 hz 
results in motion sickness and at 2 hz sleepiness. Above 10 
E sual acuity and coordination will be impaired (63). 
Vibrations above 30 hz are likely to be absorbed at the point 
Ot contact (feet, buttocks, etc.) and not transmitted else- 
where (53). However, Cope (30) (60) adds the following: 

In general, at a frequency of 0.1 cps, the 

head vibrates at somewhat near the amplitude 

of the seat, but, as frequency increases, 


the amplitude of the head increases and 
reaches a peak somewhere between 3 and 6 cps. 


At this frequency - the head vibrates at an 
amplitude equal to 150-300$ of the seat 
amplitude. Seat - head transmission decreases 


progressively at the higher frequencies, 

so that when one has reached 70 cps, only 

about 10% of the amplitude of the seat 

vibration may be expected to reach the head. 

Figure 43 summarizes the responses of 10 individuals 

Beposed to vertical sinusoidal vibrations of varying ampli- 
tudes. They were seated on hard seats, restrained by a belt 
moa harness. The vertical bars show the approximate magni- 
mmee "of the following groups of symptoms: 


scr M cross-hatch)mebespuebarorvodirtticulbLty, pain 


breath holding: 
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Sie tecomuscularotdaotted bars) muscle pain, back pain, 
generalearscomrort, 
aomen: (open bars) contraction, pain. 
The words above each set of bars state what symptom sets the 
we Cor voluntary tolerance for that particular frequency 
"x (150). 
Meuni gué feature about vibration, distinguishing it 
Meom other motion, appears to be its oscillatory nature. This 
Me Tary characteristic may be a most important variable in 
determining the degree of decrement in worker performance. 
Vibrations degrade human comfort, efficiency, safety 
wealth. They occur at different or concurrent times with- 
in the body and degrade human performance in the following 
ways: 
(a) Motion of the eyes and head blur vision and 
VES On Ria te ron; 
(DB) The vibratory motlonszsarreets manual control 
aoe ty: 
EII DE al oo acia (or concentration) 
SUE Propor Cona eoat esna bration amplitude: 
(du Vibrations Maven lr tebe werEect on reaction 
Eine amoni t oring samen ern recognition (53) 
wo or 
Fre os ren@intor chemecneaanistorses of truck drivers, 


bus drivers and air traffic controllers (all seated positions) 


showed that truck drivers had a significantly higher degree 
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of bone deformities and vertebrae pain, hemorrhoids, kidney 
disease, and peptic ulcer. There is twice the incidence of 
premature, degenerative deförmities of the spinal column among 
mS naul truck drivers than there is among bus drivers, prob- 
dave to the combination of increased exposure to whole 
BES vibration, faulty posture used to compensate for the vi- 
bration, and heavy manual work used by drivers in loading and 
wading (63). Many operators of heavy construction equipment 
emphatically oppose regulations requiring them to use seat 
belts. They contend this will result in exposure to dangerous 
ir ations and oscillations they will absorb as a result of 
Mmm@emtrghtened seat - buttocks interface. Their arguments are 
ES without merit. 

Workers who have dose Rand nekdsvibratory tools 
Mer years at frequencies of 50 to 1000 hz may contact Raynaud's 
Disease (or Raynaud's Phenomenon, "white finger", or “white 
hand") where blood vessels supplying blood to the fingers 
constrict due to coldness, becoming white and numb. Hands 
become blue, swollen, and painful as frequencies are increased 
Imemyond 200 hz (55) (124). 

Workers response to hand-held “vibration is dependent 

| Mem. (a) the vibration frequency, (b) the vibration.ampli- 

mute, (c) the duration of exposure per working day, (d) the 
length and frequency of rest periods and whether the tool is 


held or laid aside during this time, (e) the magnitude and 
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E urIrectron of forces applied by the operator through the 
Memes tO the tool or workpiece, (f) the posture of the hand, 
Eg) the type of vibrating machinery or hand tool. Further, 
ELI -v-rrity is highly influenced by (a) the direction of the 
aration transmitted to the hand, (b) climatic conditons, 
etne method of working and degree of operator skill and, 
E the worker's peripheral circulation (70) (149). 

In 1862, Doctor Maurice Raynaud described Raynaud's 


We ease as follows: y 


..One or many fingers becoming pale and cold 
all at once. It is the phenomenon known under 
the name of the "dead finger". The attack is 
indolent, the duration varying from a few 
minutes to many hours. The determining cause 
igs often the impression of cold. The skin of the 
affected parts assumes a dead white colour; 
it appears completely ex-sanguine. The 
cutaneous sensibility becomes blunted, then 
annihilated (149). 


Progicina and Razınev (3201429) characterize Raynaud's 
Disease in the following way: 


Me most characteristic symptoms are im- 
pairment of locallcirc ulation, and hyper- 
sensitivity of the hands. Perceived numb- 
ness of the fingers, particularily after the 
end lof a working day Orsat night, is one 
of tha first, sympeoms M ollovwvced by muscular 
pain in the shoulder joints and increased 
sensitivity to cold. As a result of the 
oosposure€to Cold, ya O pasm Occurs rn the 
hands and the fingers become white and 
eventually blue. After extensive exposure, 
the external appearance of the fingers and 
hand change. At this stage the hand takes 
on a clubbed appearance and the skin tempera- 
eure usually drops «.. 
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Reyvmeoldads and Yokel (149) (127) postulate that: 

since Ehewhand 1S a Highly complex continuous 

elastic system, it is capable of tremendous 

dampinigydeuwlvty., Loic “damping ability allows 

large amounts of energy to be dissipated "due 

to the relative motions between the tissues in 

them.“ This is presumed to have two effects- 

irritation and heat. As stated by (the authors) 

both of these (effects) will stimulate an 

increase Iin eine er low of blood. into rhe area 

and cansresultesiın )aseinglıngsor Burning 

sensatioms. which wie result in redness 

ee the skin and swelling... 
Reynolds an Jokel further noted that the disease's presence 
is greater in colder climates and that some individuals are- 
more susceptible than others. The cause of the disease is 
unknown, but factors appear to be cold exposure and general 
w or localehand cooling and vibratory stimulation (149) 
NUS). McGrath and Penney (103) (149) explain that the di- 
rect effects that vibrations have on the hands to cause the 
disease include: (a) a disturbance of the vessel walls or 
of the peripheral nerves caused by the vibration energy, (Db) 
Spasms and constrictions of the blood vessels and (c) clot- 
ting caused by the recoil kicks of the tools into the hand. 
The seriousness of white fingers has been debated. Injuries 
sorry Council of Great Britain (149) decided that "at 
dorse, vibration-induced white fingers would lead to only 
temporary inconvenience and possibly a change in employment 
ES substantial loss of earnings." The condition will 
usually disappear after the fingers are warmed; however, 


there have been some cases of permanent disability (137) 


Earl lton (148) (I49) notes that?" "cessation of exposure 
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rely results in complete recovery but most often will re- 
Eum Unchanged or show only a slow progression." 

Another disease that has been attributed to vibrations 
Ewmnotor neuron disease. That portion of the nervous system 
ERES c6] y concerned with transmitting signals to the muscles 
EDMclands is called the "motor division" of the nervous 
AS ten (238). From 1972 to 1981 over 1100 patients with 
anni cally confirmed "motor neuron disease" sought treatment 
at the Sanders Medical Research Foundation (46). Among them 
were 85 male adults whose symptoms had begun prior to the 
age of 45. Gallagher and Sanders sent questionaires to the 
85 and received 50 replies. Of these, 12 (or 24$) reported 
Having operated an air driven hammer or drill prior to the 
onset of the disease. Table 10 summarizes the patients' 
bEuckgrounds and the effects that pneumatic tool use had on 
them. All workers exhibited contractions of the muscles of 
the extremities or trunk, or both, followed by a degeneration 
(atrophy) and weakness of the involved muscles. In all 
patients, the disease was progressive and fatal to five. 
There appears to be no clear relation between the degree of 
EM re to the vibrations from air driven tools and the 
Severity of the disease. However, it is evident that there 
Meza “localized” vibration. Vibrations supplied to 
E 3roea are transmitted to other parts through bone 
ERE eıresand body tissue. Jaekhammering is one example where 


Beer neity of the vibrations to the hands is transmitted 
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Symptoms of 





1095 
Phomnaae. Pool Use 
Panent Auc ut Yours 
No Onset (yr) Occupation Tool ot Use Frequency ot Use Presenting Symptoms 
[ IS Farınıma/ Jackhammer SA Occasional ! Ee hand 
pari Duns (PARALIS 5) 
2 y) Construction Laree drill | Occasional Paresis, fingers 
and arms 
3 M Machine op Light hammer E) Frequent Tremors, deltoids 
i Craton (eese xe z) 
4 53 Gustine con- 7O lp dral 4 Frequent Paresis, leg > i 
stFuction 
5 > Construccion 75 Ib «ril E Prequent Paresis, hand 
35 Conserucaoh Jackhammer l2 Occasional ' Paresis, hand 
2 40 Nhung Drill IU (2) l'requeut Paresis, hand 
8 = Construc non Jack hiinmer i Occasional Paresis, arm and leg 
y 38 Construction Jackhanimer 8 Frequent Paresis, both legs 
10 mE OV tici Jackhammer I0 (2) Occasional Paresis, arm and leg 
drid 
42 Construction  , Jackhammer I0 (7) l'requenc Paresis, arm and leg 
jo 42 Rond con- Jackhammer | l'requent Paresis, both arms 
FU NON E E 
TABLE 10 


Occupational History and 
12 Men With Motor Neuron 
Developıngsberore 45 Years of Age 


Disease 
MA 
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Bothe shoulders and upper trunk (98). 

Aside from handi heldi tools, Construction workers are 
most likely exposed to low frequency, large amplitude, whole 
pou vibrations. For track type equipment, the major fre- 
quencies range between 0.12 and 20 hz with peak accelerations 
Seo. Ol to 0.25 g. About 25% of the frequencies peak in the 
4 to 8 hz human body resonance band with 50% of the frequen- 
cies less than 0.15 hz. Rubber tire equipment has frequency 
peaks between 0.10 and 5.25 hz with peak acceleration from 
Ed oto 0.13 g. Approximately 25% of the major peaks occur 


at frequencies less than 0.15 hz with 40% of the remainder 


Memng in the 2.12 to 2.6 hz range (151). 
Rae OMMENDATIONS 


Mi bration can impair man's performance. It can affect 
we physiological functioning and cause substantial damage 
to his body. The ailments worsen for the most part, with the 
degree of exposure. Excessive vibrations over time can re- 
sult in death. For the sake of worker health and safety and 
on the job performance, the following recommendations are 
made: 

| (1) ENCOURAGE FURTHER RESEARCH into the field of 
EE uctgons as it affects construction workers, and the 
development of machines and equipment designed to operate at 
a safe vibration frequency. 


(2) MAXIMIZE SPRING SUSPENSION AND OTHER PADDING 
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on equipment to assist in absorbing some of the vibrations 
experienced at the worker-equipment interface. 

(2) Minimize wv orat ons and oscillations. by 
TAKING PREVENTIVE MEASURES against them such as preventive 
maintenance of equipment and maintenance of haul roads. 

(4) If feasible, ROTATE EQUIPMENT AND VIBRATORY 
meob OPERATORS in order to provide recuperation time between 
prolonged exposures. 

SES UBSTIETUTE EQUFPMENTZEORZMANPOWER wherever 
possible, e.g., an attachment to a backhoe is preferred to 


having a jackhammer manually held. 
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cM IGHTITS 

GENERAL 

Dmscenaswbeen reported (90) (142) that a quarter of the 
fata body's caloric energy is used for the process of 
Meemng, when vision is normal and illumination is sufficient. 
Eder less than optimal conditions, more is used, and the 
Semromotor system has to rob other bodily functions to keep. 
Be eyes functioning and prevent fatigue from setting in. One 
meet Under such conditions is slower reactions with greater 
Semeeeptibility to errors and accidents. 

Mene Construction trades jene degree of illumination 
EN ten taken for granted, with little concern for "proper" 
enting levels. Oftentimes, construction sites are lit with 
a series of randomly located strings of incandescent bulbs 
Ds potlights. It is acknowledged that perhaps the lighting 
levels need not be as stringent or demanding as those 
meou1red in close, precise work such as circuit board 
ET uodogy or watch repair; however, by the nature of the 
MD construction workers are often required to work outside 
EN cathe dark hours", underground rn tunnels or concrete 
EM and in other unlighted Spaces such as attics and 
crawlspaces. At least some degree of adequate lighting is 
Nicea order to accomplish the job. As in the previous 


Ep" otothys report, lighting as an environmental factor 
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EE CScly affects worker health, productivity, and safety. 
PorowrIngumnotecattentlonseto worksite lighting bv 
EE concerned, a job can be accomplished faster, better, less 
Pe nsively in the long run, and safer for the construction 
mm@amstry"s most valuable asset- the construction worker. 
Peat ine the construction industry is another topic 
BOr which practically no research has been published. The 
majority of the information available concerns itself with 


wer ior industrial work or architectural and special effects 


- 


Pegheing. The information which follows is not presented in- 
An and does little justice to such an important topic. 
Rather, it is presented to identify a very real problem, that 
he effect of lighting on construction productivity, so 
that those concerned may be cognizant of its impact for 
planning and estimating purposes. 
ECTS 

Mene is measured in "“foctecanales.” One footcandle 
(fc) is equivalent to the amount of light perceived from 
a standard candle one foot away. Because light spreads out 
Mal] directions from its source, at two feet away only 4 
footcandle would be perceived from that same candle. 

Pee root lambert is a level lor brightness of an 
EL rt amd iaecludes reflected light. For example, if there 
EE 5 tootcandles of light available and paper reflects 80% 


ERE UU Sht, the paper reflects 20 o£ the 25 footcandles 


c 0toot lamberts. 
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Proper illumination levels are important since visual 
EuNUCIency ( acuity and color discrimination) usually improves 
EET to a limit) with increasing levels of illumination (145) 
8 099)(136). However, extreme levels of illumination may 
impair performance due to glare (6)(145) which lessens visual 
EESSust and legibility (35)(104)(145)(11). Considerations 
Ed be given to minimizing glare, extreme contrasts, shadows, 
AE lickering light sources. à 

Glare, which is excessive light falling on the retina, 
lessens visibility by decreasing contrast between the in epa 
e and the background environment (11)(145). Contrast refers 
to the difference in brightness between the work item and the 
EN Sonmental brightness. Too little or too great a contrast 
EN rsely affects visibility. Shadows, too, obscure the actual 
shapes of items within the working area, while flickering, 
emal Iy caused by faulty light sources, is distracting and 
waces disorientation. 

mae” not only Operates Man s Sense of sight but his 
Some ctlve Orientation as well, thus insuring his immediate 
Beer. In addition, light regulates the various nerve 
Asa tions Originating in the retina and elsewhere which 
Mmmmitence and regulate other physiologic systems within the 
Mey and consequently, long term health. In this manner, light 
mmgmrmectiy affects muscular tension (89) (90)(92), heart rate 


E91) blood chemistry (90) (126), glandular secretions 


meee oe) (110) (122) (126) and toxin buildup (59) (90). 
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Logan (90) gives the example (91) where: 
adem uate Ee Gl sultable color composition 
dilates the blood vessels and increases peri- 
Pheral erreularıony .z.chuszr r onceng insensible 
perspiration which rids tche body of toxins 
and lightens the load on the kidneys. Kidney 
degeneration is a factor in various terminal 
diseases. 
Eng under sufficient light conditions results in more 
EN cient physiologic action. Logan (90) states: 
Less energy must be expended internally to 
meet the demands made on the body by its 
external environment. The optimum balance 
between the body's internal economy and the 
pressure of its environment (homeostasis) is 
more easily achieved. There is a lower caloric 
need to fuel the oculomotor system, and a slower 
fatigúüe toxin buildup: 
ihGhte also affects mental’ efficiency : 2.4 times more 
light is required to permit an understanding of what one 
is seeing than to just detect its presence (90). 
Figure 44 graphically depicts the range of natural 
werimination levels on earth. Light is reflected, trans- 
IN ted or absorbed by matter. In twilight, to the human 
mye, Objects lose their detail and colors. Figure 45 
Ms Erates the cross-section of the retina. In daylight, the 
eeen is the most sensitive part of the retina, but is blind 
Mene dark. There is also a permanent blind spot on the nose 
side of the retina where the nerve fibers from the retina 
Boss through a hole to the brain. Under darkened conditions 
meme most sensitive part o£ the retina is 20° from the 


EI 3 from the nose (113)(0124). The rods, which are 


EusuESvevcto dim light, do not distinguish between different 
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FIGURE 44 


Range of Natural Illumination On Earth From 
The Sun and the Moon. Values increase from 
minimum before sun or moon-rise to maximum 
E ho zenith (150), 





PRODUCED AT GOVERNMENT EXPENSE 


141 


SCUERA 


CHOROID 


RODS 
AND 
CONES 


SYNAPTIC 
LAYER 


BIPOLAR 
(sS 


SYNAPTIC 
LAYER 





GANGLION 
CELIES 


NERVE 
LAYER 


LIGHT ENTERING THROUGH PUPIL 


FIGURE #45 


BemsorzstcthezRretinazasınesmrodliess area’is 


the fovea (150). 
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EDO or Lights and take On a greyish silhouett capability. Green 
ea ects generally look brighter than other colored objects 
because the rods are most sensitive to green light while 
meer Objects appear black due to the rods' insensitivity to 
Bea light. Consequently, shadows may be difficult to dis- 
tinguish from something red because both appear dark (124). 
Border to perform properly, workers must be able to 
EN raongurish between objects sufficiently, and this can be 


mecomplished through the provision of adequate lighting. 


- 
æ 


Table Il shows the effects of the quality of illuminat- 
ion on performance of visual tasks. The required brightness 
is given in foot lamberts (fL) and if special reflectance 
is required, say 90$, 50$, or 10%, then the required 


illumination will be greater, as shown in the equation (98): 


required l luminance (fL) 


required illumination(f_)= reflectance 

iMmmecontrast to a darkened situation, levels ot 
Ad ination that are too high can actually hinder perfor- 
Mamce by Minimizing the perceived differences in the features 
wehe objects worked on, such as reducing shadows which 
Characterize certain patterns. Thus, more footcandles can 
be worse than not enough. 

Table 12 illustrates the effect that changes in 

| illumination can have in an industrial setting. Much of the 

work listed is not unlike that performed by construction 
trades as far as degree of manual performance is concerned. 


Construction management should heed the example as an 
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Footcaniles for soared 
(S retlictance conditions 
hrightness. aang Hay whe oe yt 
Category of seeing task | TB 10 30% foc: 
nos | Below IN | Below 20 Below Ou Below 10 
5. Ordinary | IS-42 | 20-45 30-84 eran 
CC Dulienlt | (el) 15-155 SiS) 420-1200 
D. Very ditlieult 120- 120 [35-132 210-840 MS 
E. Most chilicult +20 up 125 S40 1200 
ME E N 


Saikeconesmof (Di tti cule youn oce lng Tasks 
Hoesen Brightness ana Witmeroctcandles for 
Specifi ed: Reflectance CondM- ions (98). 

















Illumination, | Ghande 
JC (on work 
| | output, 
T ype of work activity Original! New p^ | Source 
[E EN N E 
Metal-bearing nunufacturing ; 46 ¡12.7 | 15 | Luckiesh and Moss 20] 
Steel machining eas ca ah EMO 10 ¡ Lhuekiesh and Moss 126) 
Carburetor asseinbly | ale [2 | Luekiesh and Moss 126] 
Iron manufaeturing | Oi Lo [2 j buckiesh and Moss [26] 
Butfing shell sockets DE 11.4 | 9 | Luckiesh und Moss ¡26] 
Letter sorting | 36 SOL] 4 | Luekiesh and Moss [26] 
Piston-ring inanufacturing 1:2 6. 130 Magee, is described bv 
2 9D IUS cbuskieshm [22] 
ee 14.0 228 
Inspecting roller bearings DE 6.0 1 Hess and lIarrison (16: 
2:0 TO 3 
9-0 20.0 pas 
Iron-pulley finishing | 0e 4.3 25 Viteles [38, p. 3UI] 
Spinning | 15553 9.0 17 ay iteles [98 p. 301] 
Weaving worsted cloth 113.3 2090) m Weston 130] 
Spinning wool yarn E | 42 TUG [41] 
Weaving automobile cloth ACE 4.7 [44] 
Card punching LS | 49 | Dan RNI 
Mail handling (Richmond Post | | | 
Oifice) | I0 | 45-50 | S-0 1(40] 
| | | 
TABLE I? 


Results Of Surveys Showing the Change In Work 
Output Following Improvement Sana ton 


of Work Areas (98). 
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apor tunity for improvement in their own organization. 
Some construction tradesmen, such as welders, face 
Unique situations. Welders must protect their eyes from 
mema violet, visible, and infrared light by wearing goggles 
LEN transmit 1/250th to 1/50,000th of the incident light 
(44). The problem exists where if the goggles are used in 
ordinary light, the welder is prevented from seeing anything 
at all when the arc is extinguished. An experienced welder 
in daylight may nevertheless be able to determine the weld- 
points; however, an inexperienced one would be así Es 
Merson with lifted goggles. Not only is this a safety hazard, 
PPeemecOncinuous shifting of the goggles is inefficient, inter- 
feres with the work, and increases the potential for errors. 
The luminance of the center of a welding arc is about 
1% that of the sun (44) but use of the goggles allows the 
welder to work without discomfort. The fumes and smoke 
ES: lm scattering light and thus, aid in the illumination. 
Every time the welding stops, however, the welder is forced 
to remove the goggles in order to see and consequently, the 
eyes have to readjust with each change from dark to light and 
Beet to dark. Thus, the number of adjustments with the 
E des should be minimized to the greatest extent possible. 
Many workers fail to make the obvious connection 
between light and accidents. The immediate effect of light 
More lated to accidents and-in the long run, to health by 


Mos enhologists call the “anticipatory timing of behavior" 
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E0199). With good light and sight, timing is properly 
anticipated and accidents are less frequent. Additionally, 
Econtinual effort of the body to establish equilibrium 

Seen the extermal world when interfered by improper lighting, 
mite tO fatigue, to mistakes, and to accidents (89). It has 
femme ady been shown how insufficient lighting makes it dif- 
Belt to distinguish shadows, colors, and shapes. McCormick 
(98) demonstrated that proper selection of illumination levels 


Eun industrial setting can lead to a 43% reduction in the 


- - 
= 


meetacnt rate. Other investigators have directly linked 
wmn nation factors as a direct cause of accidents of varying 
Bey (9) (78) (115) (133) (145). Additional accidents are 
Me ly to occur through personal negligence, as in the case 
Sea welder working without goggles. 
RECOMMENDATIONS 

There is generally no acceptable excuse for working 
Beer inadequate lighting conditions. With modern technical 
advances in portable battery devices and "quiet" generators, 
Memes either through negligence, apathy, or financial short- 
sightedness that workers are required to perform under such 
ERE aturons.However, as lighting affects health, safety, degree 
Ser ror, timing and accuracy, management should take an 
Aye interest in providing optimum conditions. The 
following recommendations are made: 

PR ZEROVYEDE TETGETTNSZOFZESISDEOULZTEZINTENSITY, 


ala e tot being oriented IN ANY DIRECTION, situated to 
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Peet MEiAZE SHADOWS AND EXTREME CONTRASTS, SCREENED to prevent 
EE c) and of a quality to MINIMIZE FLICKERING. Both quantity 
EU Euality should be considered (145). 

(2) In determining lighting adequacy USE ILLUMIN- 
ATION STANDARDS such as the American National Standards 
EuSErute guidelines (ANSI 1965,1970), the British Illuminating 
Eucueneering Society Standards or the International Occupational 
Safety And Health Information Center Standards of the 
mU ernatrional Labor Office, Geneva, Switzerland. 

(3) Glare may be minimized by USING SEVERAL LOW 
BENI SITY SOURCES RATHER THAN ONE HIGH ONE. 

(4) Shadows can be minimized by USING LIGHT COLORS 
TO CONTRAST AGAINST A DARKER BACKGROUND. 

(5) Allow workers ADEQUATE TIME (5 to 40 minutes) 
FOR THEIR EYES TO ADAPT to a dark environment after coming 
NN rrom the "light" (145). Inadequate adaption invites an 
unsafe condition. Adaption an: comli cht can De -effected 
much faster, from a few seconds to several minutes (114) (145). 

D Tana the case ol ven iO Ar ortin and Erant (44) 
weee switching on a STRONG BEAM OF LIGHT (say, 1 kw iodine 
Mampi after the goggles are in place to illuminate the work 
bocessufficiently for its main features to be discernible. 
See the arc has formed, such added lighting is not needed 
as the smoke will diffuse the light evenly and neighboring 
Amas can be seen with the goggles in place. 


e workshops and eertain construction areas, 
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ENSUSWALL, FLOOR AND CEILING REFLECTANCE would be helpful. 

Special paints are available which have a high coefficient 

e ef lection for visible light and (for welding) a low one 
eul traviolet radiation. The greater the reflection, the 

less will probably be the requirement for additional 


ENS -1cjal lighting. 
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See CONCLUS FON 

prom the information presented in the previous sections 
EE uS report, one might now feel as though there is a 
Memeect Situation for construction projects under all seven 
Aro nmental conditions discussed. ae e oe ng 
EV ironment would probably involve a project at sea level 
elevation (altitude) in the vicinity of a waterfall or a 
Memening surf (ionization). The temperature would be main- 
tained at 75%F (temperature), with an accompanying Numidity 
of 60% (humidity) and a steady 15 mph breeze. Although the 
majority of the work would be performed during the day, some 
shiftwork is involved, manned by capable volunteers. For the 
most part, the shifts are permanently assigned but where rotat- 
ing is inevitable, workers are rotated no sooner than once 
per month (shiftwork). Because the contractor uses modern, 
silent equipment, rarely does the noise level get much above 
60 hz, the noise level above which conversation becomes 
appreciably impaired (noise). The tools and equipment used 
are highly insulated and padded so that the inevitable 
Erations are practically totally absorbed before reaching 
the man-equipment interface (vibrations). The majority of 
Eieswork is performed in healthy sunlight, but where 
artificial lighting is required, the degree of illumination 


Bericht for the task as well as for the background environ- 


148 | 
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Mii and lighting is angled in such a way that both glare 
and shadows are eliminated (lighting). 

iimecality, lite is not such a panacea. Instead, jobs 
are accepted where and as they become available under what- 
ever conditions may exist. Equipment, tools and manpower 
meena On availability, cost, and ability to perform the 
work, regardless of the means or consequences. For these 
reasons, it is most likely that one or many of the adverse 
eua tions discussed in this report EE non Organ Con: 
DE ELIOn project and will exist on future ones. Some 2: the 
adverse conditions are dependent on either "The Almighty" or 
nature and cannot be prevented by man. Others are totally 
within his capability. In either case, they can be minimized 
even though it may be at some cost. 

Management, when planning and estimating projects, 
should definitely compare the short term costs of taking 
preventive action against the long term costs of accidents, 
injuries, excessive waste and rework. Added to these should 
be the hidden costs of insurance premiums, reputation, 
Bere y of workers, and goodwill. A contractor cannot afford 
emn nore environmental factors as they affect worker 
Productivity. 

DEN means of summarization, following is a very 
brief guide to assist management in determining the costs of 
Eng preventive action against adverse environmental 


Gonar1tions. The list is not all-inclusive and does not include 
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da ii ronmental factors not previously discussed in this 


report ( such as effects of dust or compression on human 


ERE duetrivity) nor combined effects ( such as the combination 


ENME d und altitude or noise and shiftwork). These are 


recommended as topics for future research. 


Dl mInoimunm-lucWSUdgestedEU"maithe contractor 


and/or planner/estimator consider the following applicable 


esetors in the cost estimate for project costs: 


BESUSIDERATIONS IN RESPONSE TO 
A ERSE WORK ENVIRONMENT 


SET TITUDE 


-Physical examinations 
-Altitude/hypoxia training 
-Hire acclimatized workers 
(higher wages) 
ec radual acclimatization of 
workforce 
-Gradual ascension/descension 
toffana from the high 
altitude 
-Rental costs for housing 
workers at high altitude 
-Per diem costs for housing 
workers at high altitude 
-Slower work response time 
-Additional heavy equipment 
-Home office/worksite 
communication expense 
Er ansportation costs for 
preconstructed materials 
(prefabricated work) 
-Emergency oxygen supply 
-Increased rework (10%) 


CONTROLLED IONIZATION 


Mpust sand Static electricity 
control 
-Spray/shower rental 


-— 


POTENTIAL SAVINGS OF 
FOLLOWING RECOMMENDATIONS 


ALTITUDE 


-less waste 

-less rework 

-less labor costs 

daily transportation costs 

-workman's comp/insurance 
premiums 

-absenteeism 


CONTROLECED IONIZATION 


ee a Cc lency 
-]ess waste 
-less rework 
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BENSTDERATIONS IN RESPONSE TO POTENTIAL SAVINGS OF 
ADVERSE WORK ENVIRONMENT FOLLOWING RECOMMENDATIONS 
-Static-free materials -morale, motivation 
-Hauling costs in lieu -medical,workman's comp, 
er open burning insurance 
-Shielded equipment -absenteeism 
TEMPERATURE & HUM ee TEMPERATURE & HUMIDITY 
-Physical examinations -less inefficiency 
-Temperature/humidity -less waste 
training -less rework 
-Hire acclimatized workers -less labor costs 
(higher wages) -medical, workman's comp, 
-Gradual acclimatization of insurance 
workforce -absenteeism - E 
-Slower work response time -morale, motivation 
-Adjust rate of work/ rest 
periods 


-Financial incentives/benefits 

-Employment of temporary 
workers 

-Warning signs and "buddy i 
system" 

-Foul weather gear (cold) 

-Increased rework 


Sole TWORK SHEETWORR 
-Physical examinations “petter productivity 
Fire rotation training -less waste 
-Financial incentives/ -less rework 

benefits -less labor costs 


-medical, workman's comp 
insurance 

-absenteeism 

-morale,motivation 


NOWES E NOTSE 
-Equipment costs for low noise -morale,motivation 
emitting equipment -less waste 
Enrrrer construction -less rework 
“rabot costs in rotating -medical, workman's comp, 
workers more frequently insurance 
ae se protection training -absenteeism 


-Hearing protection apparatus 
-Background music 

-Initial & annual audiograms 

= Interior acoustical treatment 








NEUNSIDERATION IN RESPONSE TO 
ADVERSE WORK ENVIRONMENT 


VIBRATION 


-Equipment costs for minimal 
Uuboratriron/oscillation 
equipment 

-Equipment and haul road pre- 
ventitive maintenance 

ENGDOor costs in rotating 
paooratory tool operators 

Equipment costs in lieu of 
manpower 


LIGHTING 


Zu ountaing of sufficient quantity 


and quality 


-Labor time to allow for proper 


legit adaption 
EMcH intensity light 
-Reflectance treatment of 
shop areas 


(welding) 
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POTENT TEFACTSAVINGS OF 
FOLLOWING RECOMMENDATIONS 


VIBRATION 


-major equipment repair costs 

AMADO Costs 

-medical, workman's comp, 
insurance 

-absenteeism 


LICHTING s ~ 


-less waste 

-less rework 

-worker efficiency 

Ey sobs. (lower wit 
reflectance treatm €) 

-morale,motivation 

-medical, workman's comp, 
insurance 

-absenteeism 








AE E ENDS 
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Table 1 Environments just severe enough to produce a reliable deterioration in performance 





Environmentel Task 


condition 


Condition just severa 
enough to produce 8 
reliebie deteriorstion 
ın pertormance 


Kind of deterioration 
i* performance 


Probab!s rasson for References 
deterioretion t 











Heat Aw tempersture Making knitted Reduced output Ov scomtort Link and Papier, 1970* 
27? C (80? F) clothas 
Reading Reduced speed end won, 1970 
comprehension 
Making munitions Increased accidents Osborne, Vernon and 
Musoo, 1922° 
Coal mining Increased accidents Vernon, Bedford and 
Verner, 1928* 
Cold Aw temperature * Tracking Reduced time on Cold hands ere Teichner and 
13% ciss? E) tar get clumsy Wenrkamp, 1954 
Teıchner and 
Kobrick, 1955 
Making munitions Increased accidents Osborne, Vernon and 
Muscio, 1922° 
Dim tight 7to 10 Reading 7-point Smail detaus ere Tinker, 1943 
Footcandies newspaper type Reduced speed not sufficiently 
visible 
Reading 6&pornt Tinker, 1952 
italic type m 
Glare (Depends upon Inspecting Masking by the VWwett and Langdon, 
the engie of the cartridge cases Reduced speed light which 1932 
glare source to the scatters wathin 
lina of sight, as weil the eya 
as upon its brightness) 
Typesetting by Weston, 1949 
hand (page 191)? 





Noise — Continuous 100 decibels Tapping f of 5 increased errors 
targets in response 
to 1 of S lights 
Threaning 
photographie film 


through machine in 


Increased broken 
rol's and shutdowns 
attributed to the man 


Broadbent, 1953, 
1957: Wilkinson, 1963 


Distraction by 
noise 


Broadbent snd 
Little, 1960 











dim light 
Noise — 95 decibels for 1 Reporting Mor e omitted Distraction by Woodhead, 1959 
Intermittent second ditferances between reports noise 
pairs of cards 
Noise varying Recoding digits increased Sanders, 1961 
randomiy between variability in rete Í 
90 and 65 decibels of work 
Noise — 70 dacıbeis from Speaking at 3 Masking of tha Beranek, 1947° 
Interterence with 600 to 4 800 fuet Reduced speech by the noise 
speech Hertz comprehension 
communication Telephoning Morgan, Cook, 
Chapsnis and 
Lund, 1963 
Vibration of man 002 ınch at 19 Reading 12-point Increased errors Rotary vibration Dennu, 1968 


Hertz, digits at 10 feet 
vath O2 foot 
Lamberts of 


illumination 


and reduced speed 


of the head at its 
resonant frequency 
of'sbout 20 Hertz 
blurs tha images on 
tha ratina of tha eye 





Motion of man Up to O3G at 0-3 Adding columns of Fewer correct 


Motion sickness 8rend, Colquhoun, 





Hertz, (raft on numbers additions Gouid and Perry, 1967 
waves) 
Acceleration 3G upwerd Subtracting 3s Reduced spead Reduced suoply of Frankanhaeuser, 1958 


(gravitational 
(orca 3 times the 
normal size) 


stärtıng with a 
number ciosa to 
100 


Oxygen to the brain 





) 

6G. (gravitationel Tightening boits 
force one sixth the 

normal size, as on 


the moon) 


Weightiessness 


Reduced speed 


Joining connectors 
Threading nuts 


stability 


Shaveison and 
Seminare, 1968 


Reduced postural 





Decompression 0-7 atmospheres Judging the Loncer reaction 


Reduced suopiy of Denison, Ledwnth and 





absolute, or 5 000 orientation of 8 time oxygen to the brain Poulton, 1966 
feet abova sea level mannikin while 
cycling at e 
moder ste apsed 
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1.35 





Environmentel 


condition enough to produce e 


celiebie deterioration 


In pertormance 





Condition just severe 


Probable reason for Reterences 


deterwrstion 


Kind of deterioration 
In performance 


Tesk 


ree PPP, 








Compression 2 atmospheres Sorting cards increased number of Nitrogen narcous Pouiton, Catton end 
absolute deleyed responses Carpenter, 1964 
Carbon monoxide Carboxyhaemogiotin Adding columns of Reduced speed Reduced supply of Lawther, 1971 
8% in non-smokers numbers oxygen to the 
brain 
Alcohol Blood alcoho! 20 Reporting changes More omitted Depressed brein Brown, 1970 
rulligrarrs per 100 in 8 fıgure numbers reports function 


rrelliiitres, (30 





while driving in 





Mm nutes efter traffic 
drinking 1 glass 
ot sherry) 
A E A A ees 
Hangover from A double dose of Tracking Reduced time on Depressed brein McKenzie end 
sleeping tablets sleeping tablets simultaneously target function Elliott, 1965 
taken 10 hours on À instruments Hartman end 
previously (200 McKenzie, 1966 
rrulligrams of 
quinalbarbitone 
sodium) 
Loss of sieep : Sleep debt of 5 Listening to 0-5 More signals Occasional Wilkinson, 1969 
hours. (Loss of 5 second tones messed lepses of - prs 
hours sieep on 1 presented every 2 elertness 
night, or of 2:5 seconds tor 
hours on each of occasonal shor ter 
2 consecutive tones 


nights) 











Mental wor k Having to look at, Tracking while Increased tracking Not being able to Garvey, 1960 
overload or ettend tu, 2 pressing 1 005 error look in 2 directions ` 
things keys in response to et once 
simultaneously 1 of S lights 
Watchıng moving increased errors On Not being ebile to Poulton, 1958 
cai pointers while messages ettend to 2 things et 
listening to once 
message 
Temporary Stepping up 1 foot Difficult tracking Insufficient supply of Hammerton and 
exhaustion and down again 200 increased time Oxygen to the brein Tickner, 1968 
times in 7 minutes to perform 
Squeezing stiff Difficult tracking task insufficient supply of Hammerton end 


spring 25 times in 





using the same oxygen to the thumb Tickner, 19698 














25 seconds wıth thumb muscies muscies 
thumb 
Constant attention 20 minutes Watching clock hand More signals missed Occasional failures Mackworth, 1968 
to detail duration (4) jumping every 'to look, coupled wath 
(vigilance) second, for greater caution in 
occasional barely reporting signals 
detectabie double 
jumps, end (b) 
moving 
continuously, for 
Occasional Q-2 sec. 
stops. 
Work after 24 hours of Solwing a Problem less often The men becomes too Suedteid, Glucksberg 
solatıon ın the isolation difficult problem solved highly aroused by the and Vernon, 1967 
dark task 
Thinking of uses Fewer uses Soedfeid end Landon, 
tor objects thought of 1970 
Danger Threat ot 
producing fear injury — > 
betore emergency Following increased errors The man is too Ber kurn, Bislek, Kern 
landing comolicated highly eroused end Yeq, 1962 
insttuctions 
Remember ng 
instructions 
before first Qi ficult Increased time to Hammerton end 


parachute jump 


tracking tasks perform task Tickner, 196% 


ee Rt 
* Evidence from fitted functions, not ftom direct statistical tests 


t Orignal evidence not seen 
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PITE tae 
UNITS AND CONVERSIONS 
e EIL SEDO: C DO Tero 
| Thc per cent or aiffused reflection of “white The unit of insulation resistance ior -otning 
b lsht tor a given surface (See 17-2) MESS © mori kes: 
UE 0 33 ?F 'i*hr/ Btu 
^ | AMU (amu): 
Ti | Atomic mass unit (defined as: lü amu = the CA SER E "OD u) 
"A atomic mass o? the most abundant isotope OA ee [13 
x | of oxygen). = 0 081023 ın? 
HT ix). ar 
H ATMOSPHERE (atm): = 1000 mm? 
The pressure exerted by To cm mercury Se Oa lex a Sa) 
|: with a density of 13.5951 gm/ cm? at l g (the = 0.0338 oz (US Yluıd) 
i! standard barometric prissure at sea level). ETERNA 
|; 0 1701325 X 199 dynes/ cm" l cc/sec = 0.0021185 ft%' min 
I : 1033.2 gm/ cem? 
ji = 760 mm Hz CUBIC TE OO [- 
t 14.696 psi 113 = 1728 in? A -- 
= 28 32 liters 
BRITISH THERMAL UNIT (ica: : 0 02832 in? 
IEBtur dogs 1010 ergs 1 fein = 402.0 ees sek 
zoo ni yc amem eel - 0.41720 liter’ sec 
O O OS = 62.43 ibs H,O min 
= yu 25199 kcal | ftJ/sec - 1699.3 liters ^ min 
Ius: hp 0.667 Bta mia 
DOOSEEU E e ufo Cup Spe OCC: 
Vs stt j 003 102809 
mium 9 251 Kkcaifeaiá 2g seh ters 
0.235: up : 0 02822 m? 
Xue s ts l ft/min = 472.0 cc/sec 
! Etu/ft?, hr = 2.7125 kcal/m?, hr - 0.4720 liter/sec 
= 02 43 lbs H2O/nun 
DIPS: i ft3/sec = 1699.3 liter/min 
Body Temperature (=37° C), ambient Pres- 
sure. und Saturated (watcr vapor pressure = CUBIC INCH: 
47 min Hg). (See 15-15) Land = 5.787% 1074 £3 
- 1 339 X 10 "2 hier 
CALORIC EQUIVALENT OF OXYGEN 1 539 x 10° $1 
One liter uf oxy gen (STPD) consumed is 
equivalent to + 325 kcal of mctabolic heat GEBITC METER: 
produced, when the R.Q. 1s 0.82. nO eet 
25090331500: 
(CS NDLE (c): s: 920) 73 titers 
The unit oi luminous intensity (See 17-1). 
l»eand!'e = | lumen/sleri lan DC UAE L5 4 bl 
i [sed {or comparing power levels. acous- 
ay CENTIMETER (cm): tical or electrical. 
Es nen 0 023280 ft A A a e 
¿de EE = 073937 in DOw+" to be compared to a 
bie a! 00l m reterence power Po 
e q = 10 má e other Cr) 
EN de = = 1X 10" 4 weastactor or t9 
ELS eit (See also Square Centimeter, Cubic Centi- (See also Sound Pressure Level). 
M ui i meter). 
en DEGREE (angular): 
EU | BEN TINIBETER-CANDLE (phot): 1 deg - 60 minutes 
Bei, phot = 1X10% lux 2080045 radian 
= 3600 seconds 
UNS METERS PER SECOND PER SECOND: deg? - 30462 X 1072 steradian 
l cm/sec? = 0.0328 ft/sec 
CENTIPOISE: SEC RES ur Cx) 
Unit of absolute viscosity. = nr uh uc 
i ju C ED OI 
l centıpoise =- 0.01 poirse | 
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DEOREES FAHRENHEIT(’ PR): 
SRALSgSN "Cx 32 
M ERROS FC 


DEGREES PER SECOND: 
l deg/ sec - 0.017453 radian/sec 
0.1667 rpm 


n 


ID y wm: 
(oss cC T eei. 
2.2381 XD S pb 
Cane Ci. = 0 erg 


PaE SEC CONDTER ODARE CENTIMETER 
Cmt ol viscosity. (See Poise). 


DS FER SOLARE CENTIMETER: 
B z 


rayne; ce era puo t tr 
A e ' i) 
dete eoe TA cp = 


~~ 


+04) LU eo FESQ 
DO © PO m le 
zu UC 9» ps: 


ELECTRON CHARGE (e): 
e = 1,502 X 19744 coulomb 


ERG: 
| er; - 9 4805 x 1071^ atu 
cu cB 9*9 rest 
: 2.3889 X 10711 kcal 
3.8510 X 107" !b-in 
FOOT (ft): 
et. s 30.18 cm 
= 128 
= 0.2048 m 


(See also Square Foot, Cubic Foot). 


FOOT-CANDLE (tt-c): 
1 ft-c 1 lumen/ ft? 
10.764 lumen/ m? 


FOOT-LAMBERT (ft-L): 
1 ft-L = 1.0764 millilamberts 


EOOT PER MINUTE: 
1 ft/min = 0.3048 m/min 
= 0.005080 m/sec 
: 0,011364 mph 


BOOT PER SECOND: 
Pitjscc = 1.0973 kind hr 
= 0.5921 knot (per hr) 
: 0.6818 mph 


DOO T- POUND (ft ib): 


1 ft=1b = 0.001285 Btu 
:5559dos TOS eres 
ORSAI 

Bra aa 210203 X T0S9 br 
J.01467 ft-lb/sec 
zes, Vt 
Pfc-lb/sec = 0.0019! hp 
= 0.01943 keal/inin 


= 1.395989 witts 


uu 
Tne acceleration of gravity (also the acce}l- 
eration of a venicie). 
II SECS 
= 980.665 cm/sec? 


a UG): 
(ine unit of force causing displacement of 
organs and fluids in the vody when the body is 
cog erabegacvuere Cr (lores pes wq. (mass 


Aue tO acceleration ur i gp (See 3-1), 


a AT E 


OI rl 4 
=. PRC ror 
2:00 450/39 TENE 
= ) 0022045 2 
logia mao EOS ii 
] J Ti Ms 3 8 IHN 
Je, i 
AUS Te ix i tn? 1m t 
) = Z 
4 CY d 4 Y 
zona ! IE Á 
= J 
U GOD re [ras 
MS UE 
lacas ps: 
9 a o 7 
IAS a a Lr S unphem- Sec 
SE N: 
= 0 48 1b/ft*, he 
GERNE SORTE Em url): 
o ES OL EA OS 
= 0.001 42a! 
HEMATOCRIT: 


Tnerkeight Oolchzeolumnrot red Blood eeils 
in a tube of whole blood which has settled 


or has been centrituged to separate cells 
from plasma. Usually expressed :n per cent. 


HORSEPOWER (hp): 
I hp = 3.300 X 10t it-lbs/min 
- 550 ft-ibs/sec 
= 10.688 kcal/min 
= 745.7 watts 


EA 
laun 


2.540 cm 
= 0.0833 [E 
= 29.40 mm 
(See aiso Cubie Inch, Sauare Iuen) 


INGE OF WHEE tin Hs) 

lin H9O = 0.002458 atm 

(at +° C) 249082 dynes/cm 
Saul ps: 
or ka 


" 


hi 


N'LOGitzL UK) 
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oh, ea eee y 
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woe 


NILOGRAM-C2 


i keal/ hr = 0) 


KILOGRAM 
l ke-cm2 = 


KILOGRAM- 


FIEDMETERS 
Dei 


EE 


IL = 


EIER CU): 
1 


1 liter/ min 
] hter/sec 


LUMEN 


l lumen 


1o pel 
PUTIN To 


CUN: 


kuse er -= D. 
CALE 


f MEA Ut a 


iter: 


CORI {keal or 
Mercal = 1d: 9689915 bu 


: 4 1850 x 1019 
Sm cur 


= 1000 
= 3087 ft-lbs 
0661 
E 
= 0.1667 


= 1.161 watt 


Btu/ 
857 ft-Ibs/sec 
ua min 


Hello pe 


CIS 


min 


2687 Slt t^ hr 
3.9685 Btu/ min 


= 31.457 ft-lbs/sec 
= 0.093557 hp 


= 59,707 


-CENTIMETER SQU 


0.3417 Ib-in2 


NEG Viste S35 


Vte 


‘ E "uv 
uus pna ti 


DER HOUR: 
Fre (Uf su 
0 53%b knot 
2g on21I A 


BO xwutial comic E 


AS A 


ao me 


UNUS UG DES SIUE 


BERT CL): 
Unit of surface brightness 

0.3183 c/um- 

2.0536 «/1n2 

L iumen/«m: 


- 


0 03531 ft 
e ind 
1000 ml 
5.886 X 10` 
2.12 ftJ/ min 


th 


u 


0.001496 watt 


u 


l ft-c 


u 


(See Mcter-Candle). 


MEITR (m): 


u 


l m 


Ja 


hs 


100 em 
O Et 


MT 


(See also Cubic Meter). 


MBR ECANDEE (lux): 


le ix 


lumnen/ m? 
02.032903. ft-e 


(Ser 


watts 


ARED: 


COND: 


*113/sec 


ER 9 
10.764 lumen/m- 


li -i) 


UNITS AND CONVERSIONS 


Caloric) 


0.07958 spherical candie power 
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UE SECON 


Í 


m/sec = 32 
ES 





it 3€! 


OO ferme tur 


2359 mpn ` 


MICRON (2 or miu): 


-6 


4 =: 10 meter 
3030 XK 100 2% 
SPEO nari 
ATE 
marke UDIST 
250702534 tim 
Seo La Ls 


MILES PER HOUR (mpn: 


1 


mph 


- 0 85 


83 ft/min - E 


Einer ft/ se 


A ANVE) 


1 
i 


I mg > 


> 


nug^m = 


GQ 


c: 


Ni 


1:00:53 «my 
Dno 


ES PEDIS 


PETRA USER aL): 


] 


Dm 


ECTS 


l 


DO 
l 


MILLIM 


1 


nil 


LITERS PER HOUR: 
0.06102 un nr 


Dil 


min 


= 0929 lumien. 4 
OLAS 


(mo: 
1.000028 cc 

: 0.061025 

uter 

00338 92 Us fauna) 


NE 


ti 


t 


0.001 


2 


LESS Quo ors 


Ad 


bromas 
0.10 


C0593 0 
1000 y 
(See also Square Millimeter). 


NOBMSISINDETER OF NMPBRCURY 9mm Hu) 


1 
L 


min Hg 
(eo ME 
201:29329 5n 


LE RES 
l miılırem 


(See 8-0). 


L msec 


DENCE (02% 
l oz = 28.3495 gm 
= 0.0625 Ib 


Q. el atm 
1335 29 dvnefre ga 


tomo 
) 01933 


i ps 
ss in n M 


(073 rem 
Lroenptce; equıt zent man) 


ERDENSEISECONDSinmsec) 


DUEOUI sspe 





my GEN SATURATION; 
The ratio of the volume of oxygen (at STP) ina 
Ziven unit volume of blood, to the maximum 
volume of Os that can be absorbed by that unit 
volume vi blood at high partial pressures of Os 


uc bU mnm Hg) usually expressed in per cent. 


PARTS PER MiLLION (ppm): 
Icone 1.0 me/liter of H5© 
= 8.345 lbs/million gallons 


EHON: 
1 phon unit -= SPL of a 1000 cycie/sec tone 
iseed5-5). 


FHOT: 
(See Centi'neter Candle). 


POISE: 
Poit of viscosity. 
l poise = 1 dyne/sec, cm2 


lem em, sec 
0.067196 Ib/ ft, sec 


Pet ND (tb); 


l lb = 453.5924 gm 
= 0.45359 kg 
= 1 62 
l lb/day = 18.89 gm/hr 
Pear = 0,0559 em/ min 


: 10.380 kg/day 


POUND-INCH: | 
l lb-ın = 1.1298 X106 dyne/ cm 


POUND-INCH SQUARED: 
Unit of moment of inertia. 
l1 !b-in2 » 2.2284 kg-cm® 


FOUND OF WATER PER MINUTE: 
1 1b H9O/min = 0.01603 ft3/min 
- 2.670 X 107 3/ tt3/ sec 


POUND PER CUBIC FOOT: 
D 1b/ft? - 0.01002 emim’ 


NOTAS PER SQUARE INCH (psa): 
l psi = 1.06505 atm 
- 6.8947 X 10* dvne/ cm? 
: 10.307 gm/cm* 
zen 3mm. te 
2277 10.190 


Senos PER SQUARE INCH ABSOLUTE (psia)- 
Absolute pressure, where 0 psia = vacuum 


SENDO EIGHT: i 
l ib wt = 4,4482 X 10° dynes 
= 4035. 50 ern wl 


RAD (rad): 
Radiation absorbed dose. (Ses 8-6). 


acr M 
EU. LU 
€ ui § 
EN 


«Pc 
t> 


RADIAN (rad); 


l radian = = circumference or revolution 
(02859 T5) 
- 51 296 leg 
íi rad.an/sec = 57.296 deg/sec 
= 9,549 rpm 
1 radian/sec* = 572.96 rom? 


RBE: 
Relative biolo:tical effectiveness. ‘See 8-6). 


RELATIVE HUMIDITY: 
The ratio of the quantity of water vapor :n an 
atmosphere to the quantity whica would 
saturate at the existing temperature. Also the 
ratio of pressure of water vapor to saturation 
pressure at that temperature. 


REM: 
Roentgen equivaient man. (See 8-6). 


RESEIRATORSDUOTIENTIR. 9, 
The ratio of the rate of production of carbon 
dioxide (volume at STP per unit tine) to the 
rate of uptake of oxygen (volume at STP 
per unit time). 


— 


new QE TIONS PEIR MINUTE (rom): 


l rpm = 6 deg/sec 
: 0.10472 rad:un/ scc 
1 rom? = 0.001745 radian/sec? 


KOEN ECEN CP 
br = 10NiZation by Sor 7-rays producing 
electrostatic Unit il charge 1n 
treme of air (STP) 
33.0 ergs/ gr 


hi 


ROOT MEAN SQUARE (rms): 
Square root of the mean of the squares ot a 
set of numbers. 


SON: 
Salas aio noni rima als (See o A, 
1553) 


SE PRESSURE TEYE Ly, 
Si L is sound pressure related lugar.tumically 
Banrlerpence .evel si pressure fen). euhich by 
.onvertion is C,0002 dvnes/cm? The defin.ag 
equation 18: 
ePID = 20 logy Fil, in dec.bels 
(Ses ooo: no mecbam lo convert sobnd pros 
OS), 


SQUARE CENTIMETER: 
t em? - 1.076 x 1073 tt? 
: 0.1550 in? 
160 inm? 


SQUARE FOOT: 
] fe 3290 cm“ 


san 
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22 
E er 
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he 
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UNITS AND CONVERSIONS 


SQUARE INCH: 
l in? = 6.4516 cm? 
- 0.008944 it* 
= 043.1626 mm? 


SQUARE MILLIMETER: 
l mm? = 0.01 cm? 
= 0.001550 in“ 
STANDARD DEVIATION (S.D. ) 
The square root of the average of the squares 
of deviation from the mean Aiso called root 
mean square deviation. Same as Standard 
Error. 


SS 


STERAINAN: 
solrl.nsle around a beine. 
te i , E : uy 
|sterüadism s 4282.50b3 deg* 
= 0.079538 sphere 


ST DO(S andardi Temperature and Pressure, Dry): 
FC OO iim He Water vapor v esst =u 
(See :0-1). 


W A TE 
1 watt 


$ 


te») (21 1) (> == 


joule/sec 

X 10! erg/sec 
.1376 ft-lb/sec 
.001341 hp 
.01452 kcal/ min 
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